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Abstract 

 

Neurocysticercosis (NCC) is a parasitic infection caused by the infiltration and 

localization of the larval stage of the tapeworm Taenia solium within the central nervous 

system (CNS). Clinical presentation and severity are heterogeneous and depend particularly on 

the age and sex of its host. A clinical study was conducted to evaluate specific endocrine and 

immune status changes that are associated with NCC. A total of 11 (9 female and 2 male) NCC 

patients were recruited and matched by sex and age with 11 healthy subjects. Evaluations for 

7 hormones and 2 cytokines were measured and compared between patients and their matched 

controls. Compared with controls, all patients had statistically significant higher serum 

concentration levels of 17β-estradiol (E2), progesterone (P4), androstenedione (A4), 

luteinising hormone (LH), follicle stimulating hormone (FSH), interleukin-6 (IL-6), and 

interleukin-10 (IL-10). In contrast, NCC patients showed significantly lower concentrations of 

free testosterone (T4), and dihydrotestosterone (DHT). To our knowledge, the present study 

constitutes one of the first demonstrations in humans that the presence of T. solium 

metacestodes can modify the host microenviornment by the induction of immunoendocrine 

changes. In summary, the present work adds to the growing body of knowledge indicating how 

this parasitic infection may modulate the host for its successful establishment and survival. In 

addition to being “curiosity-driven”, the ultimate aim of this type of work is to provide insight 

into the design of new therapeutic strategies. Among these, researchers in the field envision 

novel treatments or vaccines with the ability to block specific parasite molecules, thereby 

inhibiting the cysticercus establishment in the CNS, or at least shortening its survival and 

improving the pathological markers associated with neurocysticercosis. 
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CHAPTER 1: Introduction 

 

 Neurocysticercosis (NCC) is a condition characterized by the infiltration and 

localization of the larval stage (metacestode, also called cysticercus) of the tapeworm parasite 

Taenia solium into the central nervous system (CNS).1 NCC is clinically heterogenous ranging 

from asymptomatic to severe neurological complications.2,3 Clinical severity is attributed to 

several factors including the localization of these larval stages (plural: cysticerci) within the 

CNS, parasite load (the number of parasitizing cysticerci), and the intensity of inflammatory 

reactions by the host. Interestingly, sex may also be another important factor associated to 

disease severity - compared to men, a women seem to exhibit a more favourable hormonal 

environment for the parasite to grow.4,5 Evidence from the literature suggests that the 

proportion of damaging cysticerci are significantly higher in women than in men,6 and that 

women experience more severe clinical presentations caused by multiple degenerating 

cysticerci within the brain parenchyma.7 Due to these sex-associated differences, the hormonal 

profile of the host has been suggested to play a large role in the viability of the parasite. For 

instance, the prevalence of pig-cysticercosis increases significantly when male pigs are 

castrated (resulting in impaired testosterone production) or when female pigs are pregnant 

(characterized by enhanced estrogen production).8 Further, in chronically infected hosts, the 

parasite appears to modify its hormonal environment  by converting testosterone (T4) into 17β-

estradiol (E2).9 In brief,  evidence suggests that estrogens, such as E2, increase parasite loads 

and androgens, such as T4, decrease them in two ways: (1) by acting directly on the parasite, 

favouring or hindering its reproduction; and (2) by biasing the immune response of the host 

toward a parasite-permissive (T helper 2) instead of a parasite-restrictive (T helper 1) 

response.10 Further, the finding that T. solium is also able to synthesize sex steroid hormones 

adds a new layer of complexity in understanding host-parasite interactions.11–14  
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Exploration of how the endocrine system of a host can, under certain circumstances, favour or 

hinder the establishment of cysticerci, can lead to further understanding of the 

immunoendocrine interactions at play in the host-parasite relationship. The aim of this research 

is, therefore, to investigate whether the presence of the T. solium cysticerci in the human CNS 

is associated with concentrations of specific sex hormones and other immune biomarkers. This 

thesis also explores a number of gaps in the literature on specific immune evasion mechanisms 

due to sex-hormonal differences. 



 

3 

 

CHAPTER 2: Literature Review 

 

 The global burden of parasitic diseases has seen steady growth within the last few 

decades despite improvements in health awareness and sanitation.15 The geographic 

distribution of helminth infections is heterogenous, but estimates suggest that 2.2 billion people 

are infected with some form of helminthiasis, with individuals in developing tropical regions 

bearing the brunt of the burden.16 Recently, researchers in related fields have been actively 

deciphering the various immunoendocrine interactions that a parasite deploys  to successfully 

evade host immunity and survive. 

The present review provides updated evidence focusing on the immunoendocrine 

interaction of neurocysticercosis (NCC) caused by the larval form (metacestodes, also called 

cysticercus) of the tapeworm Taenia solium. The review will include information on general 

helminthiases, basic immunology against parasites, a brief history of NCC, biological aspects 

and life cycle of T. solium, influences affecting NCC severity, clinical symptomology and 

diagnostic considerations of NCC, and the immunoendocrine interactions suggestive of NCC. 

Special attention is paid to the current situation in Latin America, and in particular, Honduras. 

 

2.1 General Helminthiases 

 

 The word ‘helminth’ is a general term meaning ‘worm’, but there are many different 

types of worms. Prefixes are therefore used to designate types –  platy-helminths for flat-worms 

and nemat-helminths for roundworms. All helminths are multicellular eukaryotic invertebrates 

with tube-like or flattened bodies exhibiting bilateral symmetry. They are triploblastic (with 

endo-, meso- and ecto-dermal tissues) but the flatworms are acoelomate (lack body cavities) 

while the roundworms are pseudocoelomate (with body cavities not enclosed by mesoderm). 

In contrast, segmented annelids (such as earthworms) are coelomate (with body cavities 
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enclosed by mesoderm).17 Many helminths are free-living organisms in aquatic and terrestrial 

environments, whereas others occur as parasites in most animals and some plants. Parasitic 

helminths are an almost universal feature of vertebrate animals – most animal species have 

worms in them somewhere. 

 All three major classes of helminths (nematoda, trematoda, and cestoda) have been 

demonstrated to exert distinct neurotropic effects within the host. For example, migratory 

larvae of the nematode Toxocara are capable of causing an abrupt downregulation of lipid and 

protein metabolism within the CNS.18  

 Similarly, experimental evidence seen in mouse models infected with the trematode 

Schistosoma mansoni suggests a number of changes in cerebral functioning which interferes 

with the normal production of neurotransmitters (norepinephrine and dopamine). 

 Additionally, specific changes to the biosynthesis of proteins within the brain, reduced 

production of glutathione, and increased release of nitric oxide have also been documented.19 

Other trematode examples have been seen to inhibit intracellular insulin signalling molecules.20 

Further, it has been suggested that some cestodes induce immunomodulation through selective 

inhibition of calcium channels of immune cells within the brain. This mechanism helps some 

parasites, for example the metacestode of Taenia solium, remain “hidden” and asymptomatic 

for relatively long periods of time by inhibiting LPS and thapsigargin-induced store operated 

Ca2+ entry (SOCE) of infiltrating myeloid cells. Loss of SOCE due to soluble parasite ligands 

further inhibits NFkB activation which is pivotal in downregulating expression of various 

proinflammatory genes, including those encoding cytokines and chemokines.21,22  

 Helminthiases, the condition of harboring a worm, can induce neuro-, immuno-, and 

endocrinological dysfunction, and in some cases, can also cause distinct behavioural changes 

to the host. As such, authors have suggested that parasite-host interactions must consider a 
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complex interaction between nervous, endocrine, and immune systems.23 To understand the 

complexity of the parasite-host relationship, it is important to consider its differences to other 

disease-causing agents. Unlike other pathogens (viruses, bacteria, protozoa, and fungi), 

helminths do not proliferate within their hosts. Worms grow, moult, mature and then produce 

offspring. Some are voided from the host to infect new ones. With few exceptions, worm 

burdens in individual hosts (and often the severity of infection) are therefore dependent on 

intake (number of infective stages taken up).16 Worms develop slowly (some take months)  

compared to other infectious pathogens, therefore resultant diseases are generally slow in onset 

and chronic in nature. Although most helminth infections are well tolerated by their hosts and 

are often asymptomatic, subclinical infections have been associated with significant loss of 

condition (fitness) in infected hosts. Other helminths can cause serious clinical diseases 

characterized by high morbidity and mortality. Clinical presentations vary considerably 

depending on the site and duration of infection.17 Larval and adult nematodes lodge, migrate 

or encyst within tissues resulting in obstruction, inflammation, edema, anemia, lesions, and the 

formation of granulomas. Infections by adult cestodes, for example T. solium, are generally 

benign as they are not invasive, but the larval stages penetrate and encyst within tissues leading 

to inflammation, space-occupying lesions, and organ malfunction. In contrast, adult trematodes 

usually cause obstruction, inflammation and fibrosis in tubular organs instead of tissues – the 

eggs of blood flukes, for example, can lodge in tissues causing extensive granulomatous 

reactions, portal hypertension and even cancer.17 

 

2.1.1 Significance of Immune Modulation of Host by Parasite 

 

 Neurological effects of helminthiasis have been recorded in cases without direct 

mechanical damage to the nervous system, and even when localization of the parasite is not 
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within the CNS.16 Neuro-pathogenic mechanisms are important for immune evasion. For 

example, in early stages of infection, helminth-induced immune modulation within the nervous 

tissue has been seen to shift the initial proinflammatory Th1 cytokine response into a parasite-

permissive anti-inflammatory Th2 response (further discussed in section 2.7.2).24 The close 

relationship between cytokine production and its effect on immune response further 

emphasizes the concerning potential that a parasite capable of immune-modulation has in 

favour of its establishment. Furthermore, the presence of specific sex hormones (further 

discussed in section 2.7) have been well documented as potent immune system influencers in 

both human and animal models, thus introducing another important variable to parasite-host 

susceptibility – sex.25 

 Understanding the mechanisms of helminth-induced immunosuppression affected by 

cytokines through the modulation of B-lymphocyte activity may also have clinical applications. 

For example, helminths are considered potential treatment prospects of some autoimmune 

diseases such as multiple sclerosis. In this particular condition, it has been suggested that the 

systemic effects of immune suppression typical of many helminths, softens and reduces the 

number of characteristic lesions. This phenomenon may occur due to the helminth-dependent 

increased stimulation of the anti-inflammatory marker IL-10, and the pleiotropic action of 

TGF-β, both of which aide in depressing cell-mediated immunity.26–28 

 

2.1.2 Significance of Endocrine Modulation of Host by Parasite 

 

 Beyond immunomodulatory mechanisms, the host’s endocrine system is also of 

monumental importance for the proper development of some parasites.29 Within the last 

decade, it was found that some cestodes possess the ability to specifically modify the steroid 

metabolism of their hosts to fit their physiological needs.8 For example, with NCC, chronic 
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infection has been shown, in part, to be facilitated in hosts with lower androgen and higher 

estrogen serum concentrations in a dose dependent manner.30 Thus, the higher the ratio of 

estrogen to androgen, the higher the probability that the parasite is able to survive – an 

interesting find that suggests that females may be more susceptible at baseline than males. 

Additionally, susceptibility of the host seems to deepen with the parasites ability to stimulate 

the conversion of androgens into estrogens in its favor once it manifests the CNS. The ability 

to restructure the host’s metabolism of steroids benefits the parasite in two ways: (1) by 

providing the parasite with their own physiologically active substances that favor viability; (2) 

mitigating the host’s immune defence via peptide hormones of the hypothalamic-pituitary-

gonadal (HPG) axis.31,32 Experimental studies confirm the importance of human hormones in 

helminth development. For example, direct manipulation of the steroidogenic pathway has 

been seen in species of the Taenia family of cestodes – i.e. results of experimental studies in 

mouse models with T. crassiceps has demonstrated that androgens elicit a damaging effect, 

and in contrast, estrogens are seemingly parasite-permissive and have been seen to be abundant 

in asymptomatic, highly parasitized  individuals.10,33–36 

 

2.2 Immunological Interactions Against Parasites 

 

 An underlying principle in immunology is the ability of recognition by animals between 

self and non-self. In terms of parasitological implications, this principle may manifest in one 

of several ways. For example, either the host is able to recognize the parasite (or portions of 

the parasite) as foreign (non-self) and react against it, or the parasite manages to escape 

recognition by evading the immune system. One highly successful method of doing so is 

known as molecular mimicry, where the parasite is able to produce or display host-like 
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molecules on its surface, thus duping the host into accepting them as self. Therefore, immunity 

may be defined as an animal’s ability to recognize infectious non-self agents.37 

The immune system can be separated into innate and adaptive (acquired) branches. The innate 

system is highly conserved, present in all vertebrates (as well as in invertebrates and plants), 

and widely considered an evolutionary older system. Utilizing a variety of different cells (e.g. 

macrophages, dendritic cells, natural killer cells, etc.), this system provides an immunologic 

baseline of protection. The innate system also plays a large role in determining which antigens 

the adaptive system responds to and the nature of such response. The adaptive system is an 

evolutionary younger system present in higher vertebrates that provides an additional second 

line of immunological defense that depends on B and T lymphocytes. In humans, both systems 

take on slightly different approaches that complement each other. The innate system proceeds 

as a rapid, incomplete anti-pathogenic host defence until the slower (approximately 4-7 days), 

more specific adaptive immune response develops.37 

 

2.2.1 – Innate Immunity 

 

 The innate immune system is relatively simple, and unlike the adaptative response, does 

not elicit memory. This system reacts through a system of pathogen associated molecular 

patterns (PAMPs) found on the surface of invading pathogens. PAMPs are recognized by as 

many as 13 transmembrane proteins of the toll-like receptor family (TLRs).27,37 Some TLRs 

are associated with outer cell membranes, while others are found within inner endosomal 

membranes. PAMPs are recognized by and interact with specific proteins termed pattern 

recognition receptors (PRRs) which are associated with specific TLRs. This PAMP-PRR 

interaction is what alerts innate immune cells to synthesize and secrete chemical mediators 

(cytokines) such as interleukin-1 (IL-1) and tumor necrosis factor (TNF). Cytokines react with 
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a wide variety of cells essential to a number of immunological processes, for example, 

interferon gamma (IFN-γ) and macrophage inhibitory factor (MIF) regulate the activity of 

macrophages, attract other types of cells to a site of inflammation (chemotactic function), 

stimulate proliferation of T and B cells, or delay/inhibit other types of cell proliferation 

(cytostatic function).38 Cytokines subsequently function to stimulate both innate and adaptive 

immune systems. Classic inflammatory responses, for example fever and flu-like symptoms 

are caused by the release of specific cytokines. Different combinations of TLRs can be present 

in various cell types and different TLRs bind to different PAMPs, for example, TLR-2 

recognizes bacterial lipoproteins while TLR-3 binds to double-stranded RNA (typical to some 

viruses). TLRs can also act in pairs such as both TLR-1/2 which bind to 

glycosylphosphatidylinositol (GPI) anchored proteins found in many parasites.37 

 

2.2.2 – Adaptive Immunity 

 

 Immunogens (antigens) are considered any molecule that is recognized by a host 

immune system as non-self that originates from a parasite, whether protozoan or metazoan. 

Antigens (Ag) are any substance that is capable of stimulating the production of antibodies 

under appropriate conditions. Antibodies (Ab) are glycoproteins synthesized in response to an 

Ag and may react in varying degrees to molecules of similar structure to the Ag itself. A 

parasite or any portion thereof recognized by the host as antigenic generally elicits the adaptive 

immune response which involves two main types of reactions; (1) cell-mediated, and (2) 

humoral.37 In cell-mediated reactions, specialized cells are mobilized to arrest and eventually 

aim to destroy the parasite. In contrast, the humoral response involves immunologic memory, 

and systemically circulates specialized molecules that aim to interact with a parasite to 

immobilize and destroy it. 
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 In brief, when a host is immunologically challenged, it signals functionally specialized 

types of lymphocytes, B and T cells to interact and/or surmount a specific Ab response. Both 

B and T lymphocytes share a common progenitor stem cell in bone marrow but mature in 

separate tissues. T cells mature in the thymus and may elicit cell-mediated reactions generally 

independent to circulating Ab. On the other hand, B cell maturation occurs in bone marrow 

with subsequent activation usually occurring in primary lymph tissue such as the spleen, lymph 

nodes, and gut-associated lymphoid tissue (GALT).37 B cells produce humoral circulating Abs 

than can participate in the degradation of intestinal parasites as in the case of Ab-dependent 

cell-mediated cytotoxicity. It has been estimated that as many as 109 different receptor 

specificity B cells exist in the body prior to contact with an Ag.37 This pool of naïve B cells are 

able to respond to almost any potential immunologic threat. When the conditions are right, 

recognition of an Ab by a B cell induces clonal proliferation, producing exact duplicates with 

the same receptor specificities of its original cell.37 

 T cell activation requires presentation of Ags via specialized glycoprotein membrane-

bound receptors since T cells do not recognize free or soluble Ags. These receptors are products 

of a complex of genes termed the major histocompatibility complex (MHC).37 MHC molecules 

serve to alert the immune system against foreign molecules. MHC molecules present protein 

fragments (peptides) on their cell surfaces to be recognized by other immune cells such as 

cytotoxic T lymphocytes or natural killer cells (NK). Two main classes of MHC molecules 

exist and are differentiated as class I and class II. MHC class I molecules are present on the 

surface of all nucleated cells and present antigenic peptides to cytotoxic T and NK cells via the 

CD8+ receptor. MHC class II molecules are restricted to the surfaces of antigen presenting 

cells (APCs) and present antigenic peptide fragments to T helper lymphocytes via the CD4+ 

receptor.37 Ag presentation via MHC class depends on if the peptides are endo- or exogenous 
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to cells. MHC class I molecules bind to endogenous proteins (e.g. produced by intracellular 

parasites). In contrast, exogenous proteins (e.g. produced by extracellular parasites) enter a cell 

by phagocytosis or endocytosis and are presented in association with MHC class II molecules. 

These class II molecules are exclusively restricted to the surface of APCs involved in the 

immune system such as macrophages, B cells, and dendritic cells.32 Mature T lymphocytes 

equipped with complementary surface receptors enter primary lymph tissues such as the spleen 

and lymph nodes where they make contact with Ags. Upon recognition, T cells are induced to 

proliferate and differentiate into T memory and T effector cells. Upon entering general 

circulation, these two types of specialized T cells have different functions. T memory cells 

revert to a passive resting state to serve as an increased source of new, antigen-specific T cell 

ready to combat the same Ag if subsequent infection were to occur. T effector cells can be 

divided functionally into T helper (Th), T cytotoxic cells (TC), and regulatory T cells (Treg).37 

Activation of Th cells via MHC class II molecules facilitates B and T cell function, 

proliferation, differentiation, and macrophage activation. TC cells utilize MHC class I molecule 

recognition complexes to destroy parasite-infected cells. Treg cells function to suppress 

activation of the immune system and shut down T cell mediated immune reactions. Generally, 

however, most T cell activity involves the synthesis and release of various cytokines. Naïve Th 

cells can further differentiate into a few subgroups of cells which are distinguished by their 

functions and by the cytokines they characteristically secrete. Two of the better-defined classes 

are Th1 and Th2 cells. Th1 cells are responsible for the primary inflammatory response through 

the cytokines IL-2, IFN-γ, and TNF.37 IL-2 has several functions among which are targeting 

the proliferation and differentiation of B cells and the proliferation of other T cell 

subpopulations including TC and NK cells. IFN-γ activates NK cells and macrophages, as well 

as inhibits the activity of Th2 CD4+ T cells. TNF activates neutrophils to stimulate the 
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inflammatory process. Th2 cells secrete several cytokines including IL-3, IL-4, IL-5, and IL-

10.37 IL-3 stimulates the proliferation of mast cells. IL-4 and IL-5 stimulate B cell 

differentiation into Ab producing plasma cells, stimulate eosinophil growth and development, 

foster Th2 cell growth, and promotes the synthesis of IgE and IgG Abs. IL-10 inhibits Th1 cell-

mediated inflammation by down-regulating the production of specific cytokines (i.e. IFN-γ). 

 

2.3 Overview of Taenia solium 

 

 Taenia solium is categorized within the phylum platyhelminth, class cestoda, subclass 

eucestoda, order cyclophyllidea, genus Taenia and species solium. Cyclophyllidea tapeworms, 

such as from the Taenia spp., are among the crown groups of the eucestodes, and encompass 

nearly all taxa that are parasites in terrestrial vertebrates. Among this diverse assemblage are 

the Taeniidae, highly characteristic tapeworms in the subfamilies Taeniae and Echinococci that 

occur as adult cestodes in the intestines of carnivorous and omnivorous mammals including 

humans throughout the world. Taeniids, represented by Taenia (Linnaeus, 1758) are globally 

of considerable medical and veterinary concern as causative agents in morbidity and mortality 

in humans and production losses to domestic food animals.39 Various species of Taenia are 

generally large and conspicuous as adults, often exceeding several meters in length, with a 

distinctly segmented ribbon-like strobila, four suckers, and in some a characteristic 

arrangement of rostellar hooks on the scolex. The immature stage or metacestode is 

traditionally called cysticercus.39 

 Phylogenetic information is the foundation of understanding the history of host-

interaction and geographic distribution of host-parasite relationships for making informed 

predictions about parasitic behaviour and biology. Phylogenetically studies have shown that T. 

saginata and T. asiatica are sister-species, with both being distantly related to T. solium.40,41 
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Thus, the occurrence of Taenia in humans is suggestive of at least a minimum of two 

independent host switches at some point in the past. Figure 1 illustrates the phylogenetic 

hypothesis for Taenia spp. based on analyses among 30 species for which complete 

comparative morphological data for adults and metacestodes are available along with detailed 

life history information. This tree is modified from a publication by Hoberg.40  

 

 

Figure 1 - Cladogram hypothesis for species of the Taenia genus  

(source: Hoberg et al, 2002) 
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Further analyses involving evaluation of phylogenetic, geographic, ecologic, and 

molecular divergence data were compatible with an association between Taenia and hominids 

that developed prior to the origin of modern humans in Africa.42 Species of Taenia were among 

the earliest recognized helminths in humans, with written records extending into antiquity.  

 A number of generic names have continued to be applied to putative species-groups of 

Taenia based primarily on differences in larval morphology. In their adult stage however, all 

species of Taenia are rather morphologically homogenous, and this has led to the current 

taxonomy, which subsumes the diversity of generic names within the genus.40 Further, the 

concept of Taenia as a cohesive monophyletic taxon received corroboration from recent 

phylogenetic studies indicating that larval diversity has been acquired secondarily, and that the 

recognized modification of the cysticercus do not diagnose inclusive evolutionary groups 

within the genus.39 

 Although several species of taeniids are known to exist, only T. solium can cause both 

taeniasis and cysticercosis in human hosts.39 As such, the health-care focus gravitates to this 

species compared to other related sister species. 

Historically, encysted T. solium metacestode in pigs (porcine cysticercosis) were well known 

to the ancient Greeks, with Hippocrates (460-377 BC) suggesting that Greek physicians knew 

that humans harboured such cysts in the brain.43 According to Cox (2002), Edward Tyson was 

the first person to coin the “head” known as the scolex of a tapeworm and described the 

physiology and anatomy of the adult tapeworm. From this discovery, the foundation of current 

knowledge on the biology of taeniid tapeworms of humans was laid out. Before a relationship 

between the adult cestode and their metacestode larval stage was understood, the larval stages 

were described with their own names as if they were separate species. This older nomenclature, 

which can still be found in older texts, referred to metacestodes of T. solium and T. saginata as 
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“cysticercus cellulosae” and “cysticercus bovis” respectively.44 The first indication of the 

involvement of intermediate hosts in the life cycles of taeniid tapeworms emerged in the year 

1784 from pork tapeworm studies. Kuchenmeister, 70 years later, conducted controversial 

experiments that involved feeding infected pig meat containing cysticerci of T. solium to 

criminals sentenced to death and recovered adult tapeworms from the intestine at post-

mortem.43 
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2.3.1 Neurocysticercosis 

 

 While porcine cysticercosis was known in ancient Greece, human NCC was reported 

as a human ailment only by the 17th century. However, NCC was still not considered a pressing 

health concern until the second half of the 20th century, when British investigators recognized 

the parasitic disease among soldiers returning from India. Since then, hundreds of studies have 

been conducted to attempt to describe the epidemiological characteristics and clinical 

manifestations of NCC.45 The worldwide distribution of T. solium infections has been mapped 

out with great detail, showing that these infections are predominant in the developing world, 

particularly among pork-consuming populations. In addition, in the past three decades, 

modernized diagnostic tools and potent cysticidal treatments have increased accuracy of 

diagnosis and prognosis for prospective and confirmed patients, respectively.2  

 The World Health Organization (WHO) estimates 50 million cases of NCC worldwide, 

accounting for approximately 50,000 deaths combined each year. Additionally, as the leading 

cause of acquired epilepsy, the WHO estimates that NCC causes approximately 5 million cases 

of epilepsy globally – accounting for 30% of all epilepsy cases.2,46 Fortunately, NCC is one of 

the few conditions included in a list of potentially eradicable infectious diseases of public-

health importance, but control and awareness of eradication programs are urgently needed to 

reduce its effect.2 Despite advances in diagnosis and prognosis, NCC is still considered a low-

priority to healthcare funding in endemic countries even though it exhibits a potentially life-

threatening pathology.  Ironically, due to imported cases from migration and travel to higher-

income countries, NCC remains a public health concern in non-endemic nations such as 

Canada and several European countries as well.2,47 In Europe, the prevalence of NCC is 

considered to be increasing, especially in specific areas in Spain and Portugal.48 Since 1970, 

176 cases of NCC have been reported in 17 European countries (Austria, Belgium, Denmark, 



 

17 

 

Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Netherlands, Sweden, 

United Kingdom, Croatia, Norway, and Switzerland).48 Within Canada, there have been 60 

documented cases, 40 (67%) of them being diagnosed in the past two decades. Most were from 

Ontario (n=43) and Quebec (n=14), with immigrants accounting for 96% of the 28 cases for 

which citizenship information was available.49 As can be seen, due to increased immigration 

from endemic regions, NCC remains an emerging global public health concern particularly 

affecting communities where hygiene conditions are inadequate and sub-sequentially the 

parasite can spread between humans through eggs even in the absence of travel to the tropics.48 

NCC is the most common helminthic parasitic infection of the CNS and is caused by the 

accidental ingestion of T. solium eggs excreted by a human suffering from taeniasis.50 Although 

it is not well understood how T. solium oncospheres cross the blood-brain-barrier and migrate 

into the CNS, it may be due to the parasites ability to mechanically tear through tissue barriers 

(as evidenced by an oncosphere’s ability to penetrate the intestinal wall upon digestion). 

Further, within the CNS the parasite’s ability to maintain efficient control of the immune-

inflammatory response in the microenvironment of the brain confers a substantial benefit to 

survivability. 

 

2.4 Biological Aspects of Taenia solium 

 

 The lifecycle of T. solium is complex and digenetic. It is devoid of a free larval stage, 

and it consists of two hosts – humans and pigs. This section will explore different biological 

aspects of T. solium, starting with an overview, and then detailing characteristics of each 

separate stage. 

 

  



 

18 

 

2.4.1 - Life Cycle of T solium 

 
Figure 2 - T. solium life cycle 
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(source: https://bit.ly/2SVp6Ri) 

 

 Figure 2 illustrates the life cycle of T. solium. In brief, embryonated eggs and gravid 

proglottids are expelled by humans harboring the adult tapeworm (taeniasis). If poor human 

waste disposal practices are present, open defecation contaminates the external environment 

with infectious eggs. Eggs are then ingested by rummaging pigs and boars (or humans) where 

the shell and embryophore of the egg are dissolved within the duodenum, thus releasing 

oncospheres into the intestinal lumen. These larvae attach and later penetrate the intestinal wall 

with the help of their hooks and penetrating gland secretions. After entering the hepatic portal 

vein and migrating to oxygen-rich tissue (e.g., mostly voluntary muscles, but occasionally 

organs such as the lungs, eyes, kidneys, and brain), the hexacanth loses its hooks and develops 

into a cysticercus. Early cysticerci absorb nutritive substances from the host tissue and grow in 

size. A cavity appears within the center of each cyst that begins to fill with fluid containing 

plasma. The wall of the embryo thickens and invaginates towards the cavity thus forming a 

notch. The internal surface of the notch develops into a protoscolex consisting of four suckers, 

a small rostellum, and hooks at its base. Further development requires the definitive human 

host. Infection to humans generally occurs when ingesting inadequately cooked pork infected 

with T. solium eggs. The cysticercus becomes active within the human intestine where 

evagination of the protoscolex and attachment to luminal wall occurs. The rostellum provides 

a firm hold of the duodenum as the parasite starts budding segments and develops into an adult. 

From here, the metacestode grows in length, reaching maturity in about 60-90 days. A mature 

tapeworm measures approximately 2-6 meters.51,52 
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2.4.2 – Adult Tapeworm 

 

 The adult tapeworms of Taenia spp. are elongated, flat, opaque white/yellowish in 

colour, segmented parasites that when fully grown can measure up to 6 meters in length.53 As 

can be seen below in Figure 3, the body of T. solium consists of a scolex armed with rostral 

hooks arranged as a crown, four suckers, a short unsegmented neck, and a growing body of 

proglottid segments called a strobila.54 The body lacks a cavity/alimentary canal and each 

proglottid is hermaphroditic – i.e. contains both male and female reproductive organs.55 These 

segments are in different stages of development and are categorized as immature, mature, or 

gravid. Immature segments are transversely wider, while the mature segments are square with 

completely developed sexual organs. Both mature and gravid proglottids contain a tri-lobed 

ovarium, and a uterus that develops 7-20 lateral branches. Each gravid proglottid contains an 

average of 28,000 infective eggs.56 
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Figure 3 - Adult T. solium tapeworm  

(source: https://mrkmnls.co/2GS2td6) 

 The adult T. solium tapeworm within the duodenum of its human host will typically 

live for about 2-3 years if untreated, enhancing the possibility of egg dissemination into a 

parasite naïve population via a variety of routes, the most common of which is food 

contamination.57 

 

2.4.3 - Taeniid Egg 

 

  Taenia eggs undergo self-fertilization preceded by copulation within the adult 

tapeworm. Within the proglottid, sperm is stored in the seminal receptacle until they travel to 
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the oviduct. When the eggs are fertilized, they are surrounded by yolk and eggshell in the 

ootype. Capsulated eggs collect in the uterus which starts enlarging and branching, thus 

increasing the size of the proglottid as a whole. These eggs are rounded or sub-spherical in 

shape ranging in diameter from 31-43 μm.54 Cell division starts while still inside the uterus 

with the first cleavage being unequal forming a large megamere and a small embryonic cell. 

The embryonic cell continues dividing rapidly until it becomes a solid mass of cells called a 

morula. The morula consists of a few larger cells, the macromeres (or mesomeres) that form 

an outer or peripheral layer, and an inner mass of smaller cells called micromeres. The 

mesomeres surrounding the embryo form an inner embryonic membrane (embryophore) while 

the megamere provides nourishment to the growing embryo as an outer membrane surrounding 

the embryophore. The micromeres start developing into a hexacanth as oncoblasts of the 

embryo form three pairs of chitinous hooks. This embryo equipped with hooks surrounded by 

two embryonic membranes is now considered an oncosphere. As many as 25,000-30,000 

oncospheres can be present in each gravid proglottid that is eventually released into the external 

environment by a process called apolysis from the human host with taeniasis. The shell and 

embryophore protect the oncospheres from the external climate enabling the larvae to 

withstand a wide range of environmental conditions and disinfectants. Inside the embryophore 

is an embryonated oncosphere that bears three pairs of hooks, and as such is called a hexacanth 

embryo. Figure 4 illustrates the general morphology of a Taenia egg. Starting from the 

outermost layer, the labels are as follow: egg shell or capsule (ES), the vitelline layer (VL), the 

outer embryophoric membrane (OEM) adhered to the embryophore surface, the embryophore 

(Em), the granular layer (GL) limited by the basal membrane (BM), the oncospheral membrane 

(OM), the oncospheral tegument (OT; the innermost layer) and the oncosphere (On). 
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Figure 4 - Taenia egg morphology.  

ES: eggshell; VL: vitelline layer; OEM: outer embryonic membrane; Em: embryophore; GL: granular 

layer; BM: basal membrane; OM: oncospheral membrane; OT: oncospheral tegument; On: oncosphere 

(source: Galán-Puchades et al., 2016) 
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2.4.4 – Cysticerci 

 

 When talking about cysticerci, it is important to understand that depending on which 

of the hosts (porcine or human), the resulting prognosis will be different. 

 

2.4.4.1 – Porcine cysticerci 

 

 When external oncospheres from the environment are ingested by roaming pigs, the 

hexacanth crosses the intestinal wall, enters circulation, lodges in tissues, and loses its hooks. 

During early development, the eggshell and embryophore dissolve resulting in an intermediate 

stage called an immature cysticercus or metacestode. The early cysticercus absorbs nutritive 

substances from host tissues and grows in size. Due to the progressive degeneration of 

mesenchymal cells, a cavity forms in the centre of the cell mass that fills with fluid containing 

plasma from the pig. At this stage the embryo is surrounded by two layers, namely the outer 

cuticle and the inner germinal layer. The embryo wall thickens and invaginates into its cavity 

forming a knob that develops four suckers, a small rostellum, and hooks at its base (proscolex). 

This stage is now considered a mature cysticercus. In appearance, a mature cysticercus 

resembles an ovoid vesicle with a milky white bladder surrounded by a fibrous capsule 

measuring approximately 5-15 millimeters in diameter. The vesicle has a transparent 

membrane containing an invaginated protoscolex in a colourless fluid (0.1-0.5 mL).41,58 

 Porcine cysticerci from infected pigs are infectious to humans at approximately 9-10 

weeks after the pig becomes infected – however the longevity of viable cysticerci is not 

completely known since pigs are slaughtered at a young age (unlike cattle) when the majority 

of cysticerci are viable and infectious.55 
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2.4.4.2 – Human cysticerci 

 

 When a human ingests inadequately cooked pork infected with cysticerci,  a condition 

called taeniasis occurs. Further development of the cysticercus takes place inside the intestine 

of the definitive human host where the scolex takes a firm hold of the intestinal wall 

(duodenum) where the neck starts budding segments as an adult tapeworm is formed. In 

contrast, if humans accidently ingest T. solium eggs shed from another human with taeniasis, 

they would become infected with a much more severe condition called cysticercosis. For this 

condition to establish, the eggshells are dissolved while they pass through the stomach to the 

intestines and the oncospheres (also called hexacanth larvae) within the egg are released in the 

duodenum. These oncospheres will penetrate the intestinal wall with the help of penetrating 

gland secretions, hooklets, and mechanical pressure. The hexacanth larvae then arrive to the 

hepatic portal vein entering the heart and proceed to settle in voluntary muscles of tongue, 

elbows, limbs, neck, but also sometimes in organs like the lungs, eyes, kidneys, and brain. 

When CNS involvement is present, the condition is termed neurocysticercosis (NCC). 

 In humans, the most commonly reported localization of cysticerci in NCC is within the 

brain parenchyma on either cerebral hemisphere, but mainly at the junction of gray and white 

matter. Within the CNS, cysticerci can also be found in the cerebellum, ventricles, brainstem, 

subarachnoid space, basal cisterns, and spine.59,60 Upon entering the CNS, cysticerci evolve to 

the vesicular stage in which the parasites are viable, and the immune system response varies 

from being parasite-tolerant to surmounting an intense inflammatory reaction. Depending on 

the immune response, the cysticerci may remain in the cystic stage or discovered and 

immunologically destroyed and transformed into an inert granuloma. Contingent on the stage 

of development, the contents of cyst vesicles vary. Viable cysts (vesicular stage) have a 

translucent membrane through which a 2-3 mm protoscolex nodule is visible. Cysticerci may 
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remain in this stage for years or may—as the result of an immunological attack from the host—

enter in a process of degeneration that ends with the death of the parasite and its transformation 

into a mineralized nodule (“calcified stage”). From the vesicular to the calcified stage, 

cysticerci often go through two intermediate stages of involution that have been called 

“colloidal” and “granular”, respectively.61 The first stage of involution of cysticerci is the 

colloidal stage, in which the transparent vesicular fluid becomes opaque and darkens as it is 

replaced with a viscous, turbid fluid. In this phase, the overall round shape of the cyst becomes 

jagged as the edges become irregular. Additionally, the scolex shows signs of hyaline 

degeneration. Soon thereafter, the cyst wall thickens and the scolex degenerates and is 

transformed into coarse mineralized granules. This stage, in which the cysticercus is no longer 

viable, is termed the granular stage. Finally, in the calcified stage, the parasite debris appears 

as a mineralized (calcified) granuloma. Progressive calcification begins in the scolex region 

and continues into the vesicular wall ultimately resulting in a round, whitish, calcified nodule.45 

The  duration of each of these stages is highly variable, mainly due to considerable differences 

in the immune response of the host. 

 

2.5 Important Influences on NCC Severity 

 

 Presently, exposure to T. solium remains high in some endemic tropical areas. Since the 

routes of NCC transmission are well known, it is hypothesized that with improved sanitation 

and improved animal husbandry practices, the burden of conditions caused by this parasite has 

the potential to be eradicated. According to Hoberg,39 the perpetuation of NCC transmission is 

linked to inadequate infrastructure/compliance of proper sanitation and human sewage disposal 

practices. In most cases involving parasitic infection, a clear linear association tends to exist 

between level of exposure and parasite load. In the case of NCC however, high levels of 
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exposure do not necessarily indicate a more severe condition. Moreover, some studies 

conducted in areas of high exposure actually only account for a fairly small prevalence of 

progressed (active or inactive) NCC infection.62 Therefore, NCC severity is attributed to 

several elements, some of which are directly influenced by the parasite itself, while others 

depend entirely on the human host. 

 Information relative to the factors involved in the immunological interactions and 

responses to parasitic tapeworms is still incomplete and poorly understood. In general, a 

transient Th1 response surmounts in early infections characterized by increased levels of IFN-

γ and IL-2, which is believed to be correlated with protective immunity against T. solium. 

However, this short-lived response is replaced in part or completely by a Th2 dominant 

response as infection progresses characterized by the release of IL-4 and B cell activation, 

which is thought to be related to increasing susceptibility. 

 

2.5.1 Parasite Factors Influencing NCC Severity 

 

 Parasitic factors include the number of cysts harbored by the patient (parasite load), 

size and stage of cyst development (anywhere between viable to calcified), as well as the 

location of localization within the CNS.63 

 In terms of severity, parasitic location within the CNS seems to play an important 

factor.  The brain parenchyma is the most common site of CNS infiltration, followed by the 

meninges, ventricles, eyes, and finally the spinal cord.25 As such, prognosis heavily depends 

on the number and location of cysticerci.64 When cysticerci are lodged in the parenchyma, 

prognosis is usually benign, whereby the inflammatory response is mostly restricted to the area 

surrounding the parasite. However, when cysticerci are located in the ventricles or in the basal 

subarachnoid space (BSS), they promote an exacerbated inflammatory process, coursing with 
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increased CSF cellularity (considered high when concentration of white blood cell exceeds 5 

per μl), which may result in life-threatening conditions such as hydrocephalus and/or 

vasculitis.24 Parasite load and stage of development (vesicular, colloidal, or calcified) are also 

strongly related to severity.4 Secreted Ags produced by viable vesicular cysticerci, in 

combination with other Ags released when the parasite progressively becomes calcified, may 

spread from the brain to the blood via the intact (or damaged) blood brain barrier. Upon 

reaching the periphery, researchers suggest that it may provoke a specific systemic response 

which may also retro-modulate the concurrent local immunological process within the CNS.24  

 The lack of symptoms seen with asymptomatic NCC cases with heavy parasite-loads 

are due to the successful evasion and elicited immunosuppression response of the host by viable 

cysts within the brain.25 With symptomatic NCC, documented clinical manifestations include 

seizures, headache, chronic meningitis, hydrocephalus, focal neurological deficits, 

psychological disorders, and cognitive disorders.65 

 

2.5.2 Host Factors Influencing NCC Severity 

 

 Host-related factors include age, sex, and the type and intensity of immune response 

mounted against the parasite. Research also suggests that the age of infection also plays an 

important role with severity.4 As age increases, the total number of lesions in newly acquired 

NCC tends to increase in a linear fashion. In theory, assuming the exact same exposure, 

research suggests that an older adult in their 50s would be more susceptible to a more intense 

burden of disease comparatively to a young adult in their 20s. This could, in part, be due to a 

weaker immune system consisting of a decreased number (and functionality) of T-cells that is 

expected with normal aging.4 In terms of sex, males are usually more susceptible to the vast 

majority of parasitic infections, however, both anecdotal reports and research evidence 
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demonstrate that women are twice as likely to be infected with cysticercosis.45,66,67 Lastly, the 

intensity of the host immune response will be strongly indicative to the presence of clinical 

symptoms. Briefly, during the initial phase of infection, when oncospheres infect the CNS, a 

race starts between the development of a protective immune response by the host and the 

immune evasion mechanisms of the parasite. If the parasite is successful, an anti-inflammatory 

immunological equilibrium is established that allows the larvae to remain undetected for an 

indefinite period of time. During this balanced asymptomatic phase, a regulatory parasite-

permissive Th2 response predominates (increased levels of IL-4, IL-6, IL-10) around viable 

cysts.25 When the parasite begins to degenerate, either naturally, overwhelmed by the host 

immune system, or due to anti-helminthic treatment, a granulomatous inflammatory response 

develops around the cyst. This pro-inflammatory signal leads to the disruption of the blood-

brain-barrier (BBB), followed by the infiltration of immune cells to the site of infection. At 

this point, severe clinical symptoms manifest, and can range anywhere from seizures, motor 

skill defects, increased intracranial pressure, or even death.65 

 

2.6 Diagnosis of Human NCC 

 

 NCC diagnosis remains a challenge. The interactions between the parasite and host are 

complex and leads to a wide variety of clinical manifestations. In fact, due to its pleomorphic 

nature and inconsistent clinical symptomatology, diagnosis mostly depends on a frequently 

updated set of guidelines rather than a single conclusive test.50 These guidelines, often referred 

to as a diagnostic algorithm, are recommendations based on the best evidence available. They 

are based on observational studies, anecdotal data, and expert opinion rather than randomized 

clinical trials. Further, these recommendations are not based on financial viability, and may not 

be applicable for settings where resource constraints may limit algorithm use.68 As such, due 
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to its complexity, clinicians with limited NCC experience are encouraged to consult  with an 

expert of the condition (in part due to the fact that NCC can cause serious irreversible damage). 

 There are several factors contributing to NCC’s pleomorphic nature. Notably, many 

cases of NCC (approximately 50%) are asymptomatic or clinically silent.69 A further 

complication is due to the wide variation of clinical and pathological pictures of symptomatic 

NCC, as well as basic macro- and microscopic differences in the appearance of cysticerci – 

some alive, whilst others at different levels of disintegration or even totally substituted by 

calcium deposits.70 Additionally, the symptomatic pathology and immunomodulatory 

responses of the host to the parasite, as well as the effectiveness of treatment, are also quite 

variable.63 Chavarría et al. (2003) proposed that the extreme diversity of NCC presentation was 

related to exposure and parasite factors, but also largely dependent on host immunity, genetics, 

and sex.71 They further suggest that clinical variants of NCC would constitute the susceptible 

phenotype, which they sub-classified into four categories dependent on clinical symptoms 

(silent-NCC; symptomatic; mild NCC and symptomatic; and severe). Should their hypothesis 

be correct, each phenotype and its subtypes should show distinct immunological profiles, as 

defined by T. solium Ag-stimulated expression of Th1 and Th2 immunological components 

with known inflammatory activity.71 Although these sub-classifications would be useful for the 

diagnostic algorithm of NCC, the proportion of each phenotype is expected to vary according 

to the sampled population, therefore accurate profiling will prove difficult. For instance, the 

symptomatic phenotypes will be found primarily in patients attending neurological institutions, 

whereas the silent- and resistant- NCC phenotypes will have to be searched for in apparently 

healthy individuals living in endemic areas of high exposure, distinguished from each other by 

neuroimaging (CT and/or MRI scans). Still however, despite both groups being exposed, 

Chavarría et al. (2003) demonstrated significant differences in the immunological profiles of 
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silent versus non-NCC patients. In conclusion, the study demonstrated that all silent-NCC cases 

responded to T. solium Ags, although heterogeneously, with either elevated in-vitro cell 

proliferation, cytokine production, and/or Ab levels in serum. When compared to T. solium 

exposed non-NCC subjects, 40% of silent-NCC cases presented significantly higher levels of 

IL-4 and IL-5; 30% presented significantly higher levels of IL-13; and 100% of all silent-NCC 

cases had significantly higher levels of IgG4.
71  These findings suggest that silent-NCC cases 

present distinct immunological profiles that are different than those of non-NCC subjects living 

in the same area. Since silent-NCC cases admit parasite establishment within the CNS but 

manage to suppress it, they show a predominance of Th2 clinical immunity without any 

associated brain damage.72 

 As suggested, the type of immunological profile of a patient may influence NCC 

pathogenesis. Symptomatic NCC, although not thoroughly explored yet, is frequently found to 

exhibit increased concentrations of Abs and inflammatory cells in the cerebrospinal fluid 

(CSF).73 Cysticerci lodged in the brain release Ags that produce Th1 cytokines and interact 

with resident microglia and astrocytes. These cytokines induce the production of matrix 

metalloproteinases that disrupt the BBB and promote diapedesis leading to further leukocyte 

infiltration into the brain. Invading leukocytes from the periphery infiltrate the leaky BBB and 

further propagate the development of the granulosa by inducing both Th1 and Th2 cytokines 

in association with increased T-regulatory (Treg) cells.25 Additionally, increased 

proinflammatory cytokines such as IL-1β, IL-6, and TNF-α are also likely to be increased.74,75 

In contrast, silent-NCC cases are reported to have evidence of mild inflammation, however 

data is often limited and seldomly studied clinically and therefore case data are found by chance 

during patient autopsy.76,77,78 If prominent Th2 profiles in infected subjects underlie low 

symptomology in NCC, one could speculate that a downregulation of IL-4 of the inflammatory 
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response is involved, as is the case in granulomas caused by the trematode Schistosoma 

mansoni,79,80 in experimental murine cysticercosis models with Taenia crassiceps,81  and in 

brain granulomas of symptomatic NCC cases.82 Further evidence is seen in Restrepo’s (2001) 

analysis of CNS cysts of symptomatic NCC cases.82 Their results suggest that dying 

oncospheres were surrounded by a mature granuloma with associated fibrosis, angiogenesis, 

and an inflammatory infiltrate. The most abundant cell types observed in these cases were 

plasma cells, B and T lymphocytes, macrophages, and mast cells. Th1 cytokines were also 

prevalent and included IFN-γ, IL-18, and the immunosuppressive fibrosis-promoting cytokine 

TGF-β. Additionally, Th2 cytokines such as IL-4, IL-13, and IL-10 were also present. These 

observations indicate that a chronic immune response is elicited in the CNS environment with 

multiple cell types that together secrete inflammatory and anti-inflammatory cytokines. In 

addition, both collagen type I and type III deposits were evident and could contribute to 

irreversible nervous tissue damage in NCC patients 82 

 

2.6.1 – Clinical Diagnosis 

 

 There is currently no single conclusive diagnostic test for NCC due to its progressive, 

ambiguous, and pleomorphic nature. Instead, diagnosis is based on “confidence” established 

by a frequently updated list of criteria.50 Successful diagnosis depends on a large variety of 

factors such as the severity and degree of infection; sex of the individual; accessibility to proper 

healthcare facilities with brain imaging capabilities and trained technicians; manifestation of 

clinical signs and symptoms suggestive of NCC; and/or comorbidities – particularly those that 

affect circulating hormone profiles.68 Clinical history alone is insufficient to diagnose NCC, 

however, some clinical manifestations are strongly suggestive of CNS involvement, despite 

being nonspecific.50 For example, a systematic review published in 2011 analyzed data from 
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1569 manuscripts, and demonstrated evidence to suggest that seizures/epilepsy were the most 

common manifestation (78.8%), followed by headaches (37.9%), focal deficits (16.0%), and 

signs of increased intracranial pressure (11.7%).65 However, several other manifestations such 

as encephalitis, hydrocephalus, and cognitive decline are also reported.50 Upon suggestive 

clinical symptoms, neuroimaging and serological analyses are necessary to establish/rule out 

diagnosis. In order to facilitate uniform diagnosis of NCC, experts have created a diagnostic 

algorithm that is structured into three categories: (1) absolute, (2) neuroimaging, and (3) 

clinical/exposure.50  

Despite the fact that clinical history alone is not sufficient for NCC diagnosis, health 

care professionals, especially in endemic regions, should become familiar with some of the 

clinical manifestations despite being nonspecific,50 in combination can point to CNS 

involvement. Multiple studies have shown that epilepsy, especially late-onset, is the most 

common presentation of NCC.83–85 Several other clinical manifestations such as headache, 

neurological deficit, intracranial hypertension, encephalitis, hydrocephalus, and cognitive 

decline are also reported.50,85–87 To complement the clinical assessment, it is crucial that health 

practitioners collect epidemiological data including patient’s travel history, place of birth, 

residence, and knowledge of present or past infection intestinal tapeworm infection in 

themselves or household members.50 Upon clinical suspicion, neuroimaging and serological 

analyses will be necessary to establish or rule out a diagnosis. In order to facilitate uniform 

diagnosis of human NCC, experts have created diagnostic guidelines and structured them into 

three different criteria: (1) absolute, (2) neuroimaging, and (3) clinical/exposure.50 Absolute 

criteria include unequivocal visualization of the parasite either by histopathology studies, the 

presence of sub-retinal cysts, or demonstration, through imaging of characteristic cysts 
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containing scolex. Patients that meet these conditions can be given a definitive diagnosis, 

prognosis, and treatment. 

 

 Absolute criteria include unequivocal visualization of the parasite either by 

histopathology studies, the presence of sub-retinal cysts, or neuroimaging evidence of 

characteristic cysts containing scolex. Patients that meet these conditions are considered to be 

definitively diagnosed with NCC. Although histological confirmation via a cysticercus biopsy 

is considered the “gold standard” for confirming diagnosis of NCC, it is not typically 

recommended in all cases due to the need of invasive surgical procedures.47,50,86 

 

 Neuroimaging criteria are in turn classified as (i) major, (ii) confirmative, and (iii) 

minor. Major criteria include observing cystic lesions without a characteristic scolex, 

enhancing lesions, and calcifications. Confirmative criteria include resolution of cysts after 

anti-parasitic treatment, spontaneous resolution of single enhancing lesions, or migrating 

ventricular cysts observed on subsequent neuroimages. Minor neuroimaging criteria include 

hydrocephalus and leptomeningeal enhancement.47,50 

 

 Clinical/exposure criteria are based on the detection of antibodies against T. solium 

metacestode Ags accompanied by epidemiological evidence of exposure such as an infection 

within the household and/or residency of endemic regions 47,50. 

  

 The Clinical Practice Guidelines by the Infectious Diseases Society of America (IDSA) 

and the American Society of Tropical Medicine and Hygiene (ASTMH) propose the 

combination of different criteria to achieve definitive/probably diagnosis.88 
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2.6.2 – Neuroimaging 

 

 The current reference standard for NCC diagnosis is a combination of computerized 

tomography (CT) and magnetic resonance imaging (MRI). Although this combination boasts 

a sensitivity and specificity of 100% and 85% respectively, the caveat lies within its substantial 

cost, high maintenance, and low accessibility.89 CT is generally more sensitive at detecting 

calcified lesions, and MRI is more sensitive for detection of the scolex, edema, small 

parenchymal lesions, posterior fossa lesions, and involvement of the subarachnoid spaces and 

ventricles. Additionally, CT is recommended by experts as a useful tool to differentiate 

between cerebral microbleeds and NCC lesions.88 The primary limitation of CT however, lies 

with its apparent ineffectiveness of detecting smaller and extraparenchymal lesions (e.g., 

ventricles and basal cisterns), a problem  avoided with MRI screening. Another advantage of 

MRI is that it can be used in a variety of different ways or “sequences” that may prove useful 

when trying to suppress different fluids from the image (e.g., CSF), so as to bring out the 

periventricular hyperintense lesions. For instance, Fluid Attenuation Inversion Recovery 

(FLAIR) is a version of an MRI sequence that happens to be particularly helpful for identifying 

associated edema and scolex of cysticerci. Further, some researchers have also suggested a 

benefit in using other MRI sequences beyond FLAIR including, Fast Imaging Employing 

Stead-State Acquisition (FIESTA), 3D Constructive Interference in Steady-State (CISS), and 

spoiled gradient recalled (SPGR) for identifying NCC cysts.47 MRI, however, remains 

considerably more expensive and substantially less accessible in endemic areas when 

compared to CT.88 

 There are a number of cystic lesions found on radiographic analysis that mimic the 

appearance of NCC. These include a number of infections, particularly tuberculomas, brain 
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abscesses, or in some cases, other parasitic lesions (e.g., Echinococcus granulosus, 

Paragonimus spp., etc.).88 Tumors can also resemble NCC (including metastatic lesions, 

primary brain cancers, lymphoma, and histiocytosis). However, an important microscopic clue 

suggestive of NCC is the observation of a cystic scolex. Often, the parasite’s scolex is visible 

as an intracystic nodule, typically round to slightly elongated; 1-2 mm in diameter; and appears 

isodense or slightly more dense than surrounding brain parenchyma on CT/T1 imaging. If the 

scolex is definitively identified, diagnosis is certain.88 There are a number of artifacts, however, 

that can be confused with a scolex to an untrained eye. Parenchymal cysticerci are round in 

shape and typically measure 5-20 millimeters in diameter, but can be larger, especially if 

localized in gyri or sulci. Parenchymal lesions measuring more than 20 millimeters, with 

irregular borders, or accompanied by midline shift are more likely to be due to other causes 

rather than NCC.88 In addition to imaging studies, electroencephalography (EEG) is a valuable 

aid in NCC diagnosis. EEG provides useful maps and sources of abnormal brain activity that 

correlate with the topographical distribution of lesions observed through other imaging tools 

(such as CT). Functional EEGs have also been used to determine seizure-free intervals for the 

purpose of anti-convulsive treatment withdrawal of patients with severe NCC.47 

 

2.6.3 – Immunological and Molecular Diagnosis 

 

 The serologic test of choice for NCC diagnosis is the lentil-lectin glycoprotein enzyme-

linked immunoelectrotransfer blot (LLGP-EITB) utilizing T. solium glycoproteins.50,90 In 

general, evidence from the literature suggests that with properly specified assays, serum 

performs better than CSF for Ab detection,90 however some authors note that the simultaneous 

use of both samples can reveal important diagnostic information of the patient. In contrast, less 

specific tests (e.g., due to antigens that are less purified) provide better results with CSF due to 
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the lower frequency of cross-reacting antibodies within the CNS compared to peripheral 

circulation. Still, obtaining CSF often requires an invasive lumbar puncture (LP) procedure, 

and as a result is poorly accepted by patients. In cases of multiple parenchymal, ventricular, or 

subarachnoid cystic lesions, the sensitivity of serum EITB approaches 100%. However, this 

value is dramatically reduced in cases with only a single parenchymal lesion, or when cysts are 

calcified (as in the case of inactive infection).90,91 Enzyme-linked immunosorbent assays 

(ELISA) using parasite Ags to detect antibodies have also been documented to be useful. 

Despite their affordability and applicability in a wide variety of settings, ELISAs are frequently 

associated with lower predictive values (increased false-positive and false-negative results) and 

should generally be avoided if a better approach is plausible. For instance, Proaño-Narvaez et 

al. noted a sensitivity of 41% for ELISA compared to 86% for LLGP-EITB.92,93 Although the 

sensitivity of LLGP-EITB testing varies depending on the severity of NCC, comparative 

testing has demonstrated its superiority over several other ELISA-focused methodologies.94,95 

Despite its benefits however, LLGP-EITB suffers from the caveat of requiring fresh Ags 

obtained from cysts excised from infected pigs. Separation of these parasite-specific 

glycoproteins using lentil-lectin results in seven Ags of differing molecular weights (i.e. 13, 

14, 18, 21, 24, 39–42, and 50 kDa) that appear as 7 distinct bands during EITB analysis.96 This 

purification technique entails a complicated procedure that necessitates the use of expensive 

technology, and although some biotechnology companies offer these 7 glycoproteins for sale, 

they incur a substantial cost that needs to be passed on to the customer.88 As such, in order to 

develop a high-performing assay of comparable value that does not require native Ags, 

researchers have isolated, cloned, and synthetically reproduced these specific 

glycoproteins.90,97 LLGPs of 13, 14, 18, and 21 kDa have been identified to belong to a group 

of proteins classified as the 8-kDa Ag family, which is  known to represent four different 
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phylogenetic clades.98 Four chemically synthesized T. solium Ags from these clades include, 

TS14, TS18var1, TSRS1, and TSRS2var1, which have been individually assessed with ELISA 

and WB assays.97,99 Results demonstrate that EITB analysis utilizing Ags from the recombinant 

TSRS1 clade provides comparable results to the native LLGP-EITB. Importantly, this 

technique does not exhibit cross-reactivity with other helminths, therefore, TSRS1-EITB is 

useful as a confirmatory diagnostic test.97–99
 

 Other immunodiagnostic techniques utilizing proteases, lymphocytes, and peptides 

have also been studied. For example, cathepsin L-like proteases are considered potential Ags 

for NCC immunodiagnosis. These secretory proteins have a predominant role in the 

development and survival of the T. solium parasite. They take part in tissue invasion, immune 

response evasion, excystation, and encystment of cysticercus.100 Techniques used to measure 

these proteins have demonstrated high sensitivity with both ELISA and WB assays.47 It is 

suggested that the use of Abs targeting these peptides is feasible as another confirmatory test 

for NCC patients. More recently, studies have used phage display technology for direct 

isolation of antibodies against T. solium metacestode Ags. This approach is helpful to 

characterize Ags  related to mimotopes for potential use in immunodiagnostic tests.47 Further, 

molecular biology has also made advances in the diagnosis of NCC by demonstrating the 

presence of T. solium DNA in CSF utilizing specific primers and polymerase chain reaction 

(PCR).101 Despite these efforts, techniques need to be validated with larger patient pools to 

ascertain reliability and accuracy.  

 In brief, a non-specific response mainly composed of IgG class antibodies surmounts 

naturally to a new NCC infection. These antibodies circulate and can be detected in several 

bodily fluids such as serum, CSF, and saliva of newly infected patients, thus increasing their 

applicability. Yet, measuring circulating IgG provides limited benefit because it cannot assess 
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temporality or viability of condition, but rather only evidence of prior NCC infection. 

Moreover, silent single lesion cases of NCC do not produce detectably elevated IgG counts 

and thus produce a false negative result. Further, testing for IgG may introduces several cross-

reactivity confounders that may blur results.94 Therefore, other methods are typically more 

heavily relied upon for diagnosis. On the other hand, due to the pitfalls of Ab detection assays, 

several Ag detection techniques with poly/monoclonal antibodies have also been studied.102,103 

To date, two monoclonal Ab-based tests for NCC have been standardized: (1) B158/B60 Ag-

ELISA and (2) HP10.104,105 The former has demonstrated to be promising for Ag detection in 

human urine.106 These tests can also be used to monitor the efficacy of anthelminthic drugs and 

to differentiate active infection and localization of cysticerci within the CNS.107,108 Ag 

detection assays for NCC are currently less commercially available than Ab tests (e.g. LLGP-

EITB) due to their lower predictive values, however, they continue to show promise and are 

increasingly being used to ascertain diagnosis since these assays use far less invasive media 

for detection such as urine, saliva, and tears.109  Further, positive results are thought to be 

correlated with the number of viable cysticerci.88 

 Clearly, due to the pleomorphic nature of clinical manifestations of NCC, when it 

comes to clinical management, it is unlikely that immunodiagnosis can be used to replace 

neuroimaging. It is also important to mention that, despite their drawbacks, immunodiagnostic 

techniques have contributed to a better understanding of the prevalence and epidemiology of 

T. solium infections in high exposure populations. Data from these field of studies have been 

valuable to raising awareness of the importance of this parasitic condition.47 In conclusion, a 

variety of immunodiagnostic techniques are available to support the diagnosis of human NCC, 

however, these assays can seldom be used for definitive diagnosis since immune memory does 

not equal current infection. 
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2.7 Hormonal Influence on NCC Susceptibility 

 

 Hormones are chemical messengers produced in one part of the body and released into 

the blood to trigger or regulate particular functions of the body in another area. Hormone 

actions vary, but can include stimulation or inhibition of growth, induction or suppression of 

apoptosis, activation or inhibition of the immune system, regulating metabolism, and 

preparation of a new activity or phase of life. 

 Previously, the increased prevalence of some infections in females was attributed to 

differential exposure – due to traditional gender roles, but recent evidence indicates a partial 

hormonal role as well. In general, women experience higher levels of inflammation and greater 

autoimmune disease risk compared to men.110 Paired with this prominence of inflammation, 

evidence further suggests that immuno-endocrinological factors may play a role in 

susceptibility and pathogenesis of NCC.4 As it can be imagined, T. solium infections are highly 

influenced by their surrounding hormonal microenvironments. 
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2.7.1 – Hypothalamic Pituitary Gonadal Axis 

 

 The hypothalamic-pituitary-gonadal (HPG) axis forms the backbone of gonadal 

function through endocrinological means. It coordinates a tight feedback loop responsible for 

maintaining proper reproductive function that differs by sex.111 The HPG axis is made up of 

the hypothalamus, pituitary gland, and gonadal glands (as can be seen in Figure 5). 

 

 
Figure 5 - Hypothalamic-pituitary-gonadal (HPG) axis overview  

(source: https://bit.ly/2Kh2I1W) 

 

 Within the CNS, the hypothalamus secretes gonadotropin-releasing hormone (GnRH) 

that travels down to the anterior end of the pituitary gland via the hypophyseal portal system 

where it stimulates the production of luteinizing hormone (LH) and follicle-stimulating 
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hormone (FSH). These two gonadotropins enter circulation and travel down to the gonads to 

perform sexually dimorphic functions. In women, FSH acts on Granulosa cells where it 

stimulates the growth of ovarian follicles in the ovary before the release of an egg at ovulation. 

It also increases estradiol (E2) production.112 In men, FSH acts on Sertoli cells of the testes to 

stimulate sperm production (spermatogenesis). LH acts on Theca cells in women and carries 

out different roles depending on the menstrual cycle. In the first two weeks of the cycle 

(follicular phase), LH stimulates ovarian follicles in the ovary to produce E2. Ovulation occurs 

around the 14th day where a surge of LH causes the ovarian follicle to tear and release a mature 

oocyte into the uterus. In the second half of the cycle (luteal phase), the remnants of the ovarian 

follicle form a corpus luteum, and LH stimulates it to produce progesterone (P4) which is 

important to support the early stages of pregnancy if fertilization occurs. In men, LH stimulates 

Leydig cells in the testes to produce testosterone (T4) which acts to support spermatogenesis.111 

T4 exerts systemic effects that generate male characteristics such as the growth of facial and 

body hair, and increased muscle mass. Androstenedione (A4) is generally considered a “pro-

hormone” because it has few effects itself, but has a large capability to exert different effects 

on the body by converting into either T4 (catalyzed via 17β-hydroxysteroid dehydrogenase) or 

estrone (catalyzed via aromatase).112 In females, the adrenal cortex and ovaries release A4 into 

the bloodstream where it is converted to provide half of all T4, and almost all of the body’s 

estrone (E1), a form of estrogen. In men however, although the testes produce large amounts 

of A4, a very small portion enters circulation and thus gets rapidly converted into T4 within 

the testes. T4 is generally produced by the gonads of both sexes, although small quantities are 

also produced by the adrenal glands. T4 is present in much larger levels in men than women, 

and is responsible for the development of sperm in adult life. This hormone also signals the 

stimulation of new blood cells, ensures muscles and bones stay strong during and after puberty, 
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and enhances libido in both sexes.112 T4 also regulates the secretion of LH and FSH, oftentimes 

by being converted into another androgen called dihydrotestosterone (DHT). In women, T4 is 

produced in small amounts by the ovaries and adrenal glands. However, the majority of T4 

produced in the ovaries is converted into the principle female sex hormone E2 using the same 

aromatase catalyst that converts A4 into E1. Aromatase is the primary enzyme involved in the 

production of estrogen by converting T4 into E2 and A4 into E1 (which later converts to E2). 

FSH is the natural upregulator of aromatase, but recently IL-6 has also been documented to be 

a key player in this conversion.113 

 

2.7.2 – T Helper Lymphocyte Shift 

 

 As previously inferred, the specific shift from a Th1 to a Th2 response has been 

suggested several times within the literature. In part, this shift occurs naturally - all types of 

stress, including immunologic (e.g. cysticercosis infection), results in an increase of cortisol 

levels in the blood (through activation of HPA axis). Cortisol (the main stress hormone) 

modulates the immune system rather than suppressing it completely. The overall effect is a 

shift from a cell-mediated proinflammatory Th1 response to a humoral Th2 response. A similar 

shift is seen to be caused by estrogen, progesterone, and adrenaline as well. This shift is 

believed to confer a protective mechanism which prevents an overactivation of the 

inflammatory response, and is characterized by a significant decrease of IL-2 and IFN-γ in both 

sexes conjoint with a clear increase in the specific humoral response cytokines IL-4, IL-6, and 

IL-10.1 Therefore, it is suggested that sexual dimorphic differences in susceptibility to 

cysticercosis between males and females is partly due to the joint action of both the immune 

system and gonads – both of which are driven by a parasite deandrogenization of the restrictive 

androgen-rich microenvironment (typically found in males) into a more favourable estrogen-
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rich female environment. Further support of the aforementioned effects of sex steroids is 

provided by the results of a mouse castration study (2002) with Taenia crassiceps. In this study, 

investigators found that castration and treatment with either T4 or DHT before infection 

significantly decreased parasite loads in both sex of mice. In contrast, treatment with E2 prior 

to infection of castrated mice had the opposite effect and increased parasite loads in both 

sexes.116 Further, IL-2 and IFN-γ production was significantly reduced in both sexes of 

castrated mice post-infection, with a sharp recovery and enhancement of IL-2 and IFN-γ with 

treatment of T4 or DHT. Lastly, treatment with E2 in both sexes augmented levels of anti-

cysticerci IgG, as well as IL-6 and IL-10 production.116 Earlier studies have demonstrated that 

in the initial stages of infection, males present a more intense Th1 immunologic response, 

including an elevated serum concentration of IFN-γ, thus catering to a parasite-resistant 

immunological environment. In contrast, the enhanced production of parasite-permissive Th2 

cytokines such as IL-5, IL-6, IL-10 can seen in females, partly due to naturally higher serum 

concentration levels of estrogens (as compared to males). 

 Several other studies have suggested potential cytokine polarization towards Th2 

responses due to sexual dimorphisms in artificially induced NCC infected golden hamster 

models.117 The capacity of the tapeworm to produce hormones including T4 and prolactin has 

also been demonstrated. Since T4 can be transformed into E2, the production of T4 by the 

parasite may facilitate or favour its growth, reproduction, and disable the host’s defense 

mechanisms against infection. 

 

2.7.3 – Host Feminization Process 

 

 Several examples exist of a taeniid’s ability to favourably exploit its hormonal 

microenvironment within the host. Taeniids have evolved structures similar to the steroid and 
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protein hormone receptors expressed in upper vertebrates, containing binding properties and 

terminal effects similar to the hormonal metabolites synthesized by the host.118 For example, 

during acute T. crassiceps cysticercosis, female mice sustained higher intensities of infection 

compared to males, but during chronic infection lasting more than 4 weeks, sex-associated 

differences were reduced, and eventually disappeared. At this stage, males of BALB/c strain 

showed a feminization process, characterized by high serum estrogen levels (approximately 

200 times higher than normal) whilst those of T4 were reduced by 90%. 

 Although host factors such as sex and basal hormone levels are definitely involved, 

some studies also started investigated immunoendocrine changes induced by the parasite itself. 

For example, Peña et al. concluded that infection with T. solium induced changes in the host's 

sex steroids that lead to their estrogenization and deandrogenization, with possible 

repercussions on susceptibility and pathogenesis to subsequent parasitic infections.9 Studies 

assessing immune-endocrine interactions in murine T. crassiceps cysticercosis have 

demonstrated that diminished steroid production in infected male mice were closely associated 

with tissue damage in their reproductive system, together with specific changes in mRNA 

production for key enzymes involved in normal male steroid metabolism. Specifically, a 

decrease in the expression of 5α-reductase type II and an increase in the expression of p450-

aromatase have been documented.118,119 These key enzymes are responsible for the normal 

conversion of T4 into DHT and T4 into E2 respectively, thus suggesting a polarized conversion 

of T4 preferentially into E2 shunting DHT production. Additionally, cell signalling studies 

with male murine cysticercosis have demonstrated that two E2-regulated genes, c-fos and c-

jun, as well as p53 and bcl2 genes in the testes, spleen, and thymus were altered. It was found 

that c-fos mRNA content was significantly increased in all tissues studied, whereas the c-jun 

mRNA content was increased only in the thymus. Further, p53 mRNA content was markedly 
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reduced in all tissues of parasitized animals, whereby bcl2 mRNA expression was abolished 

only in the thymus. The study also suggests that the increase in E2 levels of the host could 

change the expression of several genes that participate in apoptotic regulation within the 

thymus of male mice, as evidenced by decreased amount of CD3+, CD4+, and CD8+ 

subpopulations upon thymic cell analysis of infected mice.120 As such, this data further 

suggests that E2 positively regulates parasitic growth and reproduction in hosts of both sexes, 

presumably by interfering with the thymus-dependent Th1 cellular immune system that 

obstructs parasite development in favour of a parasite-permissive Th2 response.121,122 

 

2.7.4 – Estrogens and Androgens  

 

 There are a few sex steroids of high clinical importance that are directly implicated in 

cysticercosis. Higher than baseline serum estrogen levels, for example, are repeatedly proposed 

to be directly associated with high parasite loads.123 In contrast, with T. crassiceps 

cysticercosis, the effects of androgens (e.g. T4 and DHT) have been demonstrated to elicit a 

parasite-resistant response.33,36,78,124  

 For instance, when gonadectomized males received androgen replacement therapy and 

gonadectomized female mice were administered either T4 or DHT before infection, parasite 

loads were decreased by 80% in both mice groups.116 These authors suggest that the effect was 

shown to be mediated through the immune system since T4/DHT treatment induced significant 

recovery of normal splenocyte proliferation and Th1 cytokine production in these animals, both 

of which are related to protection against the parasite. As such, androgens are suggestive to be 

exert toxic effects on the parasite. Further evidence from Morales-Montor et al. (2005) leads 

to the suggestion of a dysfunctional hormonal balance with NCC. These authors suggest that 

sex steroids play a substantial role in regulating parasite load in experimental intraperitoneal 
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T. crassiceps cysticercosis in male and female BalbC/anN mice. Briefly, the results suggest 

that estrogens increase parasite loads and androgens decrease them in two ways. The first by 

acting directly on the parasite, favouring or hindering its reproduction respectively. The second 

by biasing the hosts’ immune response toward a parasite-permissive Th2 instead of a parasite-

restrictive Th1 response.10 The study also noted that infected male mice also underwent drastic 

endocrinological and behavioural changes that worsened throughout the course of infection. 

Researchers noticed that infected males showed remarkable changes in sexual behaviour 

(mounting, intromission, and ejaculation responses) that sharply declined as infection 

progressed. Eventually, none of the parasitized male mice showed any sexual interest toward 

female mice. Moreover, changes in the sexual behaviour of infected male mice were associated 

with low serum levels of specific sex steroids (T4 and DHT). Interestingly, the authors note 

that restitution of these androgens completely restored the normal sexual behaviour of the 

infected mice.125 Similarly, experimental infection with T. crassiceps cysticerci disrupted the 

dominant-subordinate status.126 Infected dominant male mice started exhibiting signs of 

perturbation of territorial and aggressive behaviours. During confrontation between naïve 

infected and healthy mice, infected animals more often assumed a subordinate status than 

health mice. It should be noted however that the effects of infection by T. crassiceps were more 

likely to prevent adult male mice from becoming behaviourally dominant rather than reverse 

any existing dominant relationships.10 In addition, at different times of infection, significant 

changes occur in the expression of c-fos in the host’s hippocampus, hypothalamus, and preoptic 

area, thus suggesting the brain’s ability to “sense” and react to cysticercosis infections.10 

 It has been reported that cestodes have at least two types of stem cells: one for somatic 

cells, which eventually form parasite parenchyma and tegument (i.e. tegumentary cells, 

myocytes, glycogen storage cells, excretory duct, protonephridial flame cells, and calcareous 
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corpuscles); and a second stem cell type for germinal organs and tissues, which will develop 

gonads in each proglottid.127 In general, many invertebrates, such a Taenia solium, use a 

nephridium as their excretory organ. At the end of each blind tubule of the nephridium is a 

ciliated flame cell. Flame cells constitute the basic unit of the protonephridial system (PS) and 

are moulded from the assemblage of actin, tubulin, and myosin to form a protein complex 

supporting the unique shape of the flame cell. The PS in cestodes acts like a kidney – it is an 

excretory system in charge of allowing the parasite to conserve water and eliminate salts in 

order to survive in the intestine or body cavities of their hosts, where they act as 

osmoconformers.128,129 Previously, it was shown that direct exposure of T. crassiceps cysticerci 

to E2 and P4 increases protein expression of actin, tubulin, and myosin. As a consequence, 

researchers discovered a significant increase in flame cell assembly and function, which 

resulted in improved growth of the parasite.130 A similar study in 2015 used ultrastructural 

morphology, immunofluorescence, immunochemistry, and flow cytometry to analyze in-vitro 

flame cells of T. crassiceps. The authors concluded that although T4 and DHT did not affect 

the distribution and expression of actin, myosin, and tubulin isotypes in tegumental tissue, by 

using confocal microscopy, they demonstrated that flame cell morphology and tegumental 

integrity were still greatly affected. By using live flame cell video microscopy, these 

researchers were able to show that in-vitro androgen treatment affects the motion and shape of 

flame cells, thereby inhibiting their normal detoxification function and thus increasing parasite 

mortality as the result of the accumulation of toxic products of its metabolism. Further, the 

same study demonstrated through docking experiments that both T4 and DHT were able to 

bind actin, tubulin, and myosin, thus interrupting flame cell assembly through allosteric 

inhibition. In conclusion, these researchers offer their findings as an alternative explanation 

about why T. crassiceps cysticerci develop more efficiently in low androgen environments, 
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such as in female mice, and why parasites do not grow well in high androgen environments, 

emphasizing importance of the molecular cross-talk between host and parasite, which is 

directly influenced by the hormonal microenvironment of each sex.36 Combined, both these 

flame cell studies further the current understanding of a possible reason as to why androgens 

induce a cysticidal effect to Taenia spp. 

 In the adrenal glands, a major steroid produced is the androgen dehydroepiandrosterone 

(DHEA). A set of experiments investigated the effect of DHEA on infected male and female 

mice. Results showed that DHEA treatment reduced parasite loads of infected mice by 70% in 

males and 80% in females. Further, in-vitro DHEA treatment of T. crassiceps cysticerci 

induced an 80% reduction of parasite load.131 Not surprisingly, as an androgen, toxic effects 

seem to exist toward the parasite. This may be the reason why some androgens like DHEA are 

found to be significantly lower than baseline in non-severe, asymptomatic cases of NCC, such 

as was found by Cárdenas in 2012.34 

 A related study from 2007 investigated the effect of administering an anti-estrogen 

inhibitor, Tamoxifen, and demonstrated an 80% and 50% reduction in parasite loads for female 

and male mice infected with cysticercosis respectively. This protective effect was seen in both 

sexes with an associated increase in mRNA expression levels of IL-2 (protective effect against 

cysticerci) and IL-4 (innocuous to infection). Additionally, Tamoxifen administration was 

linked to a substantial decrease in E2 production in females with unaffected T4 serum levels. 

Further, the in-vitro effects of Tamoxifen directly administered on T. crassiceps was seen to 

induce a loss of motility in the parasite, thus lowering parasitic load.132 The results of this study 

demonstrate the plausibility of using Tamoxifen treatment as a new therapeutic approach to 

treat cysticercosis since it acts by enhancing the production of IL-2 of the Th1 response and by 

directly acting on the parasite reducing its reproduction and increasing its mortality. 
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2.7.5 – Influence of Immunoendocrine Viscera 

 

 A study investigating the importance of pituitary hormones in the proper development 

of T. solium worms indicated that 15 days post-infection with taeniasis, total hypophysectomy 

(HYPOX) of hamster models reduced the number and size of intestinally recovered T. solium 

adults. Likewise, the duodenum of HYPOX animals showed an increase in the expression of 

Th2 cytokines IL-5 and IL-6 when compared to controls, the latter of which is seen to be of 

great importance for development of the parasite.133 This study highlights the importance of 

the intricate interaction between the immune and endocrine system as evidenced by their 

governing expression of cytokines in the elimination process of the T. solium tapeworm. 

Further, male sexual reproductive organs that are targeted by T4, specifically the testes and 

seminal vesicles, had a 50% reduction in weight demonstrating the deterioration of male 

gonads with overt extensive damage to the testes and prostate glands.33,134 As such, a significant 

decrease in the production of androgens ensues that further propagates the parasite load.33 At 

the same time, during chronic infection, the cellular immune response (Th1) was markedly 

reduced in both sexes, and the humoral response was enhanced (Th2).114  

E2 is also suggested to be involved in the immunoendocrine regulation of murine 

cysticercosis because it plays a major role as a protagonist in promoting cysticercus growth 

interfering with thymus dependent cellular immune mechanisms that normally obstruct the 

parasite.122 Further evidence shows that gonadectomy alters this resistance pattern and 

equalizes the intensity of parasite loads in both sexes by increasing that of males and 

diminishing it in females.135 

 Other studies conducted on human NCC suggest that, endocrinologically speaking, 

sexual dimorphism affects susceptibility to cysticercosis. For example, a study conducted by 

Cárdenas et al. in 2012 assessed the endocrine status of patients and its relationship with 
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confirmed NCC. The study recruited 50 NCC patients and compared their immunoendocrine 

profiles with 22 healthy controls. Results showed that compared to healthy individuals, all 

patients had lower serum dehydroepiandrosterone (DHEA) levels. Male patients were seen to 

have lower serum concentrations of 17β-estradiol (E2) and higher concentrations of luteinizing 

hormone (LH). When analyzed by sex, severe NCC was associated with significantly lower 

concentrations of progesterone (P4) in women, whereas men exhibited markedly reduced 

concentrations of testosterone (T4). In males, a significant negative correlation was seen with 

E2 and IL-10. In contrast, a significant positive correlation was seen between DHEA and IL-

1; and (A4) and IL-17 in female patients.34  

 

2.7.6 – Interleukin 6 and Aromatase 

 

 Deandrogenization is of vital importance for the proper evasion and development of the 

parasite. As previously discussed, under normal conditions, chronically infected male mice 

show decreased serum levels of androgens and increased levels of estrogens. Interestingly 

however, when the immune system is obliterated via complete irradiation or neonatal 

thymectomy, deandrogenization does not occur, and serum steroid levels in chronically 

infected male mice does not differ from uninfected mice.136 Researchers of this study 

discovered that IL-6 was a key mediator in the feminization process, whereby IL-6-/- (KO) 

infected mice did not prime estrogenization at all, while restitution with IL-6 again restored 

normal deandrogenization caused by the parasite. These findings were further supported by the 

significant increase in IL-6 gene expression within the testes of parasitized mice, thus 

emphasizing the primordial role of the testes in the feminization process produced by 

cysticercosis. 
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Additionally, IL-6 has been seen to enhance aromatase expression in the testes of 

infected mice, leading to active aromatization from androgens to estrogens as previously 

discussed.116,136 Further, increased serum levels of the natural activator of aromatase 

expression, follicle stimulating hormone (FSH), commonly seen in chronically infected mice, 

supports the idea that FSH is also an important mediator involved in the deandrogenization 

process.34 Another study in 2002 looking at genetic knockouts wanted to further explore the 

role of important mediators of the immunoendocrine modulation in mice infected with T. 

crassiceps cysticercosis. 

Macrophage-migration inhibitory factor (MIF)-/- gene KO (a pleotropic cytokine 

normally involved in the sex-associated differences in susceptibility to cysticercosis) as well 

as IL-6-/- gene KO models were infected, and parasite load and serum sex-hormone levels were 

measured. It was found that both IL-6-/- and MIF-/- KO mice of both sexes infected with 

cysticercosis had comparable parasite loads, with no change in sex-steroid levels. In contrast, 

wildtype strains of these mice were observed to undergo the usual feminization process 

common to chronically infected mice.113. Results of this study further illustrate the pivotal role 

of both IL-6 and MIF genes in sex-associated susceptibility of cysticercosis. 

 Without a doubt, IL-6 has been recognized as a key player in the feminization process 

due to many factors, one of which is its direct effect in stimulating p450-aromatase (and thus 

provoking an enhanced deandrogenization of T4 into E2). A study conducted by Morales-

Montor et al. in 2002 looked to test the magnitude of association of both IL-6 and p450 as key 

mediators in the development of cysticercosis. The authors noticed that, with chronically 

infected mice, IL-6 serum concentrations and their production by splenocytes were augmented 

by 80%, together with a 10-fold increase in expression within the testes of infected male mice. 

When investigators administered all infected male and female mice with Fadrozole, an 
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aromatase inhibitor, serum E2 was significantly reduced and was accompanied by a 70% 

reduction in parasite load. In conclusion, the results of the study postulated the high degree of 

importance of both p450-aromatase and IL-6 as key mediators in the feminization action of the 

parasite. Further, these results promote Fadrozole treatment as a possible new therapeutic 

approach to control cysticercosis infection.123  

 

2.7.7 – Progesterone 

 

 A steroid more recently tested and found to be important to parasitic development 

during cysticercosis is progesterone (P4). The result of exogenous P4 administration in both 

sexes of infected mice however is largely dependent on the normal functioning of the gonads. 

Under normal circumstances (non-gonadectomized), P4 treatment increases parasite load by 

directly promoting parasite reproduction and by possibly manipulating specific cellular 

immune responses. In contrast, if mice are gonadectomized, P4 completely diminishes the 

parasite load, an impressive and unprecedented cysticidal effect.137,138 Both the results of these 

studies suggest that under normal conditions, the parasite stimulates the preferential 

metabolism of P4 into a parasitic-favouring E2, while in castrated animals, there is an active 

metabolism of P4 into androgens instead, resulting in a toxic effect for parasite growth. 

Additionally, another study looking at an in-vitro model for T. solium have found that treatment 

with P4 increases scolex evagination and tapeworm growth in a concentration-independent 

manner.139 
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2.7.8 – Gonadotropins 

 

 Human gonadotropins, luteinising hormone (LH), follicle-stimulating hormone (FSH), 

and human chorionic gonadotropin hormone (hCG) are complex heterodimeric glycoprotein 

hormones that each play a pivotal role in the female reproductive system. Normal ovarian 

function depends on the combined actions of FSH and LH, both of which are produced by the 

anterior pituitary. Their role is to stimulate follicular growth and maturation, ovulation, and the 

development of the corpus luteum.140 In contrast hCG only becomes important once there is an 

embryo, such that hCG produced by the developing fetus takes over from LH in the 

upregulation of P4 production. 

Pharmacologically, beyond stimulating the production of P4, the actions of hCG are 

essentially identical to those of LH, and to a lesser extent FSH. This may be due to the alpha 

subunit of hCG being identical to the alpha subunits of both LH and FSH. As such, hCG is 

considered the pituitary analog of LH since it has been documented in both male and females 

to stimulate Leydig cells to produce estrogens.141,142 As such, in an effort to understand the role 

of gonadotropins with cysticercosis, a study in 2007 proposed that this hormone may play an 

important role in growth during gestation of T. solium and T. crassiceps. They found that 

gonadotropin promotes the reproduction and maturation of both parasites by increasing the 

number of buds in the cysticercus of T. crassiceps and increasing the length of the strobila and 

percentage of evagination in T solium.143 Data collected from this study suggests that hCG may 

play a key mitogenic factor in parasite development. Additionally, in 2009, researchers 

investigated the in-vitro effects of hCG on the larval stages of T. solium and T. crassiceps. 

Results revealed the presence of receptors for hCG in different developmental phases of both 

cultured parasites. Their data suggest that the expression of hCG receptors (hCGR) is induced 

by the parasite from constant exposure of human hCG, and that this phenomenon is directly 



 

55 

 

related to the morphological and developmental changes in both species of metacestode. The 

time-dependent distribution of hormone exposure and the enhanced degree of cysticerci 

development clearly suggests a differential role of gonadotropin in the physiology of both 

parasites. Additionally, in the absence E2 or T4, no androgen receptors or estrogen receptors 

(α or β) were detected in gonadotropin-cultured cysticerci, thus providing evidence of a ligand-

exposure dependent phenomenon for specific receptor expression.33  

 The evidence presented above illustrates the sheer complexity and importance of the 

neuroimmunoendocrine interaction during active cysticercosis infection and provides clues to 

many other possible mechanisms of parasitic manifestation and development in an 

immunocompetent host. Further, these interactions may have implications for the control of 

transmission and treatment of cysticercosis in porcine and human subjects. For the sake of 

practical importance and clinical consideration, the complexity of this host-parasite 

relationship suggests that physiological factors such as sex should be considered to be of high 

significance. 

 

2.7.9 – Key Markers Influencing NCC 

 

 The immunoendocrine system is complex and reliant on several factors. Figure 6 

provides a visual depiction of the important factors involved influencing the viability of NCC. 

Arrows demarked in green indicate benefit and increase survivability to the parasite, whereas 

arrows in red indicate toxic effects and decreases parasite load. 
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Figure 6 – Interaction between the hypothalamic-pituitary-gonadal (HPG) axis and 

NCC 

 In theory, when comparing NCC patients to healthy controls, circulating 

immunoendocrine profiles should have some distinct differences, namely, they may have 

higher than baseline serum concentrations of E2, P4, and FSH hormones and IL-6 and IL-10 

cytokines. In contrast, they may exhibit much lower serum levels (compared to baseline) of 
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both androgens T4 and DHT (although differences may only be noticeable in men). Important 

analytes of interest that will be measured in this study are outlined in Table 1 below. 

 

Table 1 - Analyte markers of interest for the proposed study. 

# Name Abbreviation Classification 

1 Interleukin-6 IL-6 Cytokine 

2 Interleukin-10 IL-10 Cytokine 

3 Progesterone P4 Androgen precursor 

4 Testosterone T4 Androgen 

5 Androstenedione A4 Androgen 

6 5α-Dihydrotestosterone DHT Androgen 

7 17β-estradiol E2 Estrogen 

8 Luteinizing hormone LH Gonadotropin 

9 Follicle stimulating hormone FSH Gonadotropin 

 

 

Reference ranges from the literature for these analytes are displayed below in Table 2. 

However, since hormones and cytokines are significantly affected by environmental factors 

such as climate and diet, interstudy comparisons of immunoendocrine profiles will be 

conducted between patient and comparison groups (instead to known reference values). 
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Table 2 - Analyte markers of interest reference values.144 

Analyte Male Female 
Follicular  

Phase 
Ovulation 

Luteal  

Phase 

E2 [pg/mL] < 100 - 15 - 120 200 - 400 175 - 325 

T4 [ng/mL] 3 - 12 0.2 - 1 - - - 

P4 [ng/mL] < 1.35 < 70 - - - 

DHT [pg/mL] 250 - 990 24 - 368 - - - 

LH [IU/L] 1.5 - 9.3 - 1.9 - 12.5 8.7 - 76.3 0.5 - 16.9 

FSH [IU/L] 1 - 18 - 2 - 10 7 - 20 1 - 10 

A4 [ng/mL] 0.4 - 3.5 0.3 - 2.4 - - - 

IL-6 [pg/mL] < 12.5 < 12.5 - - - 

IL-10 [pg/mL] < 7.8 < 7.8 - - - 

 
 

The body of knowledge compiled from the present literature review serves as the foundation 

to the present study. While a slew of epidemiological investigations has revealed the 

distribution, infection risk factors as well as health and economic impact of T. solium 

infections, contributions to the understanding of the host-parasite interactions are scarce. This 

is particularly true of human clinical studies aiming to decipher the immune-endocrine profiles 

of NCC patients. 
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2.8 Justification for the Study 

 

The rationale for conducting the proposed research stems from the growing evidence 

indicating that NCC induces significant immunoendocrine changes within the host to evade the 

immune system and protect its establishment. 

 

The overarching goal of this study is to investigate whether patients with 

neurocysticercosis present differential concentration levels of specific circulating sex 

hormones and cytokines when compared to healthy controls, and to determine whether or not 

these biomarkers present a specific pattern by sex or clinical presentation. 

 

2.8.1 Research Goal and Objectives 

 

The overarching goal of this research study is to determine whether NCC patients have 

a distinct hormonal and cytokine profile when compared to health controls. Specific research 

objectives will address potential differences by comparing: 

(1) NCC patients vs. healthy controls 

(2) Male vs. female NCC patients 

(3) Severe vs. non-severe NCC disease 

 

The working hypothesis for the study was that NCC patients exhibit a statistically 

significantly different hormonal and cytokine profile than healthy controls. 

  



 

60 

 

CHAPTER 3: Methodology 

 

This case-control study entailed the recruitment and comparison of biomarker profiles of 

two distinct groups of participants who met eligibility criteria: NCC patients and health 

controls. 

As it will be explained later, recruitment NCC patients was slower than expected. 

Therefore, for the purpose of completing the graduate program, it was decided to base the thesis 

on the results of participants enrolled as of December 21, 2019, which amounted to 11 patients 

and 11 controls. 

 

3.1 Study Design 

 

The study followed a case-control design; a design to help determine if an exposure (in this 

case, NCC) can be associated with an outcome (in this case, a distinct hormonal and cytokine 

profile). This design was chosen as it is simple and retrospective: it identified the participants 

with the desired NCC exposure and then analyzes the hormonal/cytokine outcome. This 

particular design is appropriate to investigate relatively uncommon conditions or conditions 

that are difficult to recruit for. 

Other designs that were considered were a simple cross-sectional study and a longitudinal 

study. The downside of the former would be not having a comparison group. As for the 

longitudinal study (i.e., following up NCC patients and analyze their biomarkers’ profile would 

take a long time), the disadvantage would be time for completion as it would exceed the grad 

program’s timeframe. 
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3.1.1 - Study Area and Community 

 

Honduras, officially the “Republic of Honduras”, is a native Spanish-speaking country 

within Central America with an area of 112,492 km2 and a 2016 population estimate of 

9,112,867 people. 

 

Figure 7 – Honduras position in Central America 

(source: https://bit.ly/1SdcNt0) 
 

 

The National Autonomous University of Honduras (Universidad Nacional Autonomy 

de Honduras - UNAH) was founded in 1847 and is the biggest and main national public 
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university of Honduras. In terms of student enrollment, UNAH is considered Honduras’ largest 

university and one of the largest university systems in Central America. UNAH’s main campus 

is located in Tegucigalpa and is home to the university’s medical school and teaching hospital, 

“Hospital Escuela Universitario” (HEU). Apart from the main campus, there are also eight 

Distance Education Centers, four Telecentres, and eight Regional Centers. 

In collaboration with UNAH, the proposed study took place in Tegucigalpa. 

Recruitment of participants occured at UNAH’s main campus, “Ciudad Universitaria” and at 

HEU. 

 

3.1.2 - Study Population 

 

The current study was comprised exclusively of Honduran volunteer participants who 

met a set of eligibility criteria. There were two sets of inclusion and exclusion criteria (as seen 

below). 

 

3.1.2.1 – Inclusion Criteria 

 

Patient Group 

I. Aged between 16 to 61 years 

II. Born in Honduras 

III. Past or present definitive diagnosis of neurocysticercosis 

IV. Not currently suffering from any chronic neurological, hormonal, or 

immunosuppressive condition 
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Comparison Group 

I. Aged between 16 to 61 years 

II. Born and residing in Honduras 

III. No past or present diagnosis of any form of cysticercosis 

IV. Not currently suffering from any chronic neurological, hormonal, or 

immunosuppressive condition 

 

3.1.2.2 – Exclusion Criteria 

 

The following exclusion criteria are specific and have been selected to control for 

confounders. For example, the normal functioning and secretion of estrogen, progesterone, LH, 

and FSH would be impacted if an individual were pregnant. Further, other conditions such as 

taking medication that would influence the hormone/cytokine profile, or being pre-pubescent 

or menopausal, were excluded as well. 

 

Patient Group 

I. Pregnancy 

II. Currently taking any medication that may influence hormone/cytokine profiles 

(e.g., birth control) 

III. Menopausal/perimenopause 

IV. Pre-pubescent 

V. Traveled outside Honduras within preceding 5 years before NCC diagnosis 

VI. Have daily contact/living with individuals with taeniasis 
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Control Group 

I. Pregnancy 

II. Currently taking any medication that may influence hormone/cytokine profiles 

(e.g., birth control) 

III. Menopausal/perimenopause 

IV. Pre-pubescent 

V. Traveled outside Honduras within preceding 5 years before NCC diagnosis 

VI. Have daily contact/living with individuals with taeniasis 

 

3.1.3 – Sample Size Estimation  

 

Based on background literature and other considerations such as reproducibility, 

affordability, and effect size, a target sample of 60 participants (40 NCC patients and 20 healthy 

controls) was established. This sample size would allow for distinguishable comparisons whilst 

minimizing the margin of error required to meet the objectives of the investigation (listed 

directly below).34 Further, a sample size with 40 patients would allow for them to be split up 

into clinically severe vs. non-clinically severe, and therefore allow meaningful comparisons 

between groups. 

However, as will be explained later, due to recruitment difficulties (delays, working 

collaboratively in an international study, low patient turnout, etc.) as of December 31, 2011, 

the recruitment process only yield a sample of 11 patients and 11 controls. 
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Research Biomarker Comparison Objectives 

(1) NCC patients vs. healthy controls 

(2) Male vs. female NCC patients 

(3) Severe vs. non-severe NCC disease 

 

3.2 Ethics Clearance 

 

The study received ethical approval from all participating institutions, both in Canada and 

Honduras. In addition to previous ethics clearances, approval processes were also implemented 

in consultation with the Microbiology Department at UNAH and with the Neurology 

Department of HEU. 

• Brock University, St. Catharines, Canada. 

File number #18-046 – SANCHEZ;MOLINA (09/27/18) – APPENDIX A. 

• National Autonomous University of Honduras (UNAH), Tegucigalpa, Honduras. 

File number # 003-2019 – CEIC/HEU – APPENDIX B. 

 

3.3 Recruitment and Participation Procedures 

 

The flow of procedures for each group (patient and comparison) were similar with few 

distinct differences. 

 

3.3.1 – Patient Group 

 

I. A pool of definitively diagnosed potential volunteers was initially assessed 

based on medical records of NCC patients previously admitted at the neurology clinic 
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in the Hospital Escuela Universitario (HEU). This was done by the Chief Neurologist, 

Dr. Lázaro Molina and/or the neurology resident(s) under his supervision. 

 

II. Patients were contacted by phone by the neurologist or one of the physicians 

listed as a researcher of the current study and invited to attend an individual face-to-

face information meeting at the neurology clinic, in which they were formally invited 

to participate in the study (Appendix D: Patient Recruitment Telephone Script). 

 

III. At the face-to-face meeting, the physician reiterated the invitation to the study, 

explained foreseen benefits and potential risks, and asked patients if they agreed to 

partake in the investigation. A written letter of invitation containing all pertinent study 

objectives, potential benefits and risks of the participant, and details about participant, 

was provided to the patient as well, for their records (Appendix C: Letter of Invitation). 

 

IV. Patients agreeing to participate received explanations on the exact meaning of 

free and voluntary informed consent and the right to withdraw without prejudice. A 

written informed consent form was presented to the patient, detailing the terms of 

agreement, as well as a clear and concise reiteration of their rights as participants 

(Appendix F: Patient Consent Form). 

 

V. Patients providing consent underwent a medical/neurological examination (as 

per standard of care) and responded to a face-to-face questionnaire to gather 

epidemiological information (Appendix H: Patient Questionnaire). 
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VI. At the end ofthe consultation, a 10 mL venous blood sample was drawn from 

each participant by a nurse of HEU, as per Brock’s SOP (Appendix K: Standard 

Operating Procedure (Venipuncture). The neurologist was also be in the room while the 

samples are collected. Patients remained in the medical office for no less than 5 minutes 

to ensure proper care of any potential adverse events of venipuncture. Blood samples 

were centrifuged, and serum separated into a different tube. Serum samples were 

labeled with a unique code assigned to the participant, processed, and securely stored 

at -20oC until transported to Canada. 

 

VII. In addition, the medical record of each patient was reviewed by the principal 

student investigator to collect information on previous medical history (Appendix J: 

Patient Medical Data Collection Document). 

 

3.3.2 – Control Group 

 

I. Recruitment posters for the control group were posted by Dr. Maria Mercedes 

Rueda of UNAH and in HEU. Postings were available in the halls and classrooms 

located in the Microbiology Department of the main campus of UNAH, the Ciudad 

Universitario. Posters provided contact information for Dr. Rueda so interested 

individuals could email her to schedule an information meeting (Appendix E: 

Comparison Recruitment Poster). 
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II. Interested participants attended an in-person meeting with Dr. Rueda, were 

provided an overview of the proposed study, and formally invited to participate 

(Appendix C: Letter of Invitation). 

 

III. Individuals agreeing to participate received explanations on the meaning of free 

and voluntary informed consent and the right to withdraw without prejudice. An 

informed consent form was presented to the patient, detailing the terms of agreement, 

as well as a clear and concise reiteration of their rights as participants (Appendix G: 

Comparison Consent Form). 

 

IV. Once the informed consent was signed, the participant responded to a face-to-

face questionnaire to gather personal and epidemiological information as well as 

clinical information to rule out exclusion criteria (Appendix I: Comparison 

Questionnaire). 

 

V. A 10 mL venous blood sample was drawn by Dr. Rueda (clinical microbiologist 

and phlebotomist) as per Brock’s SOP (Appendix K: Standard Operating Procedure 

(Venipuncture). Participants remained in the medical office for no less than 5 minutes 

to ensure proper care of any potential adverse events of venipuncture. Blood samples 

were labeled with a unique code assigned to the participant, processed, and securely 

stored at -20oC until transported to Canada. 
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3.4 Data Collection and Analysis 

 

 

 Demographic and epidemiological data was collected using individual interviews with 

from participants through the use of premade group-specific consent forms and questionnaires 

(Appendix F-I). In order to make and assess hormonal comparisons based on NCC severity 

and progression (research objective 3), specific information from each patient’s medical chart 

was safely collected and encrypted by the student investigator (Appendix J). Lastly, a 10 mL 

of venous blood was drawn from each participant (patients and controls) as per Brock 

University’s venipuncture SOP (Appendix K). 

 

3.4.1 Individual Interview Information Session 

 

 

 For confidentiality reasons, each participant was assigned a unique identifier 

(numerical code) by the interviewer and labelled at the top of each consent form and 

questionnaire.  Interviews for patients were individually conducted by the patient’s attending 

neurologist, Dr. Molina, in a private meeting room at HEU. Interviews for controls were 

scheduled and conducted in Dr. Rueda’s private office at the Microbiology department, 

UNAH. The interview lasted approximated 40 minutes. A proposed timeframe breakdown is 

outlined in Table 3. This interview guideline was also provided in the invitation letter 

(Appendix C) to each interviewer for criteria harmonization. 
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Table 3 - Proposed breakdown for each individual information interview 

Component Duration (~60 minutes total) 

Initial interview and information session 

Understanding and signing consent 

Understanding and filling out questionnaire 

Venipuncture 

15 min 

15 min 

15 min 

10 min (+ 5 min recovery) 

 

3.4.2 Standardized Questionnaires 

  

Two distinct questionnaires (Appendix H and I) were carefully constructed to gather 

information from each participant depending on their corresponding group – patient or control. 

Both questionnaires started with a “personal information” category built to gather basic 

demographic information such as age and sex. From here, the questionnaires diverged in terms 

of focus. The comparison questionnaire (Appendix I) almost solely focused on the 

confirmation of eligibility criteria (as previously discussed above in subsection 3.1.2). It was 

assumed that the control participant is healthy, devoid of a definitive diagnosis of any and all 

stages of T. solium infection. In contrast, following the “personal information” section of the 

patient questionnaire (Appendix H), were the sections titled “background information”, 

“medical history”, and “medications”. The focus of these sections (exclusive to the patient 

questionnaire) was to gather etiologic information such as: possible vectors of transmission 

and level of exposure; as well as clinical information such as: date of diagnosis, signs and 

symptoms of NCC to assess degree of pleomorphism, concurrent and/or past comorbidities, 

and medication prescribed at time of diagnosis to assess disease severity. 
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3.4.3 Patient Medical Record Data Collection  

 

 Medical records of consenting patients were studied by the principal student 

investigator to gather information beyond what was gathered via questionnaires. The focus of 

this document (Appendix J) was to gather information pertaining to each patients’ specific 

condition. An emphasis was placed on extraction of information from: (1) concurrent parasitic 

infections – to reduce confounders; (2) neuroimaging (MRI and/or CT) – to determine disease 

severity for analysis; (3) test results of patient-specific symptoms (e.g. mmHg reading of 

hydrocephalus, or degree and frequency of seizures) – to determine prognosis and assess degree 

of pleomorphism of disease; and (4) exact names and doses of all relevant medication 

prescribed at time of diagnosis – to determine predictable immunoendocrine shifts. Lastly, in 

an effort to minimize confounders, an exhaustive list of the conditions suggested in the 

literature to affect hormonal profiles similar to NCC, were also included. Many other non-

parasitic brain conditions such as carotid stroke and pituitary tumors, to name a few, if severe 

enough have been proven to have distinct effects on hormonal profiles that may over- or 

underestimate biomarker profiles of the patient group of the proposed study. As such, 

dependent on time of diagnosis and severity, these mimicking conditions had to be carefully 

considered and were possible grounds for patient exclusion from the study. 

 

3.4.4 Quality Control 

 

 During the initial meeting, the interviewer (Dr. Molina for patients; Dr. Rueda for 

controls) fully explained the proposed study; cleared up any uncertainties pertaining to the 

consent and questionnaires that the participant was asked to fill out; and should the participant 

require, allowed ample time for questions. Patient and comparison questionnaires were then 
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immediately checked for completeness and consistency by a second member of the research 

team. If any information was missing, the interviewer was notified directly and was given the 

task of asking the participant to fully complete the respective form. Temporally, this was 

possible because each participant was required to remain in the immediate vicinity for 

venipuncture and the brief recovery period that followed. 

 Quality control of the data extracted from patient medical charts was closely checked 

for accuracy by Dr. Molina. Any doubts pertaining to the clarity of any medical records 

extracted were immediately addressed. To ensure accuracy, any doubts stemming from 

translation of the records from Spanish to English were immediately clarified in-person by the 

student investigator to Dr. Sanchez, the principal investigator and MSc student supervisor. 

 

3.4.5 Lab Techniques 

 

 The proposed study used enzyme-linked immunosorbent assays (ELISA) to quantify 

analytes of interest, and cysticercosis IgG Western blots on all samples to confirm positive 

exposure in patients and lack of exposure in controls. Hormones FSH, LH, A4, T4, P4, E2, and 

DHT were measured with ELISA’s as per manufacturer instructions from Diagnostics 

Biochem Canada Inc. (Appendix L). IL-6 and IL-10 were measured with ELISA’s as per 

manufacturer instructions from Millipore Sigma (Appendix M). Confirmatory Western blots 

were run for all participants as per manufacturer instructions from LDBIO Diagnostics 

(Appendix N).   
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3.4.6 Analyte Data Analysis 

 

 Analyte data collected from each participant were measured against known reference 

ranges (if appropriate), and then measured to each to answer the research objectives of the 

proposed study. When possible, matching was done by age and sex. 

 

3.5 Statistical Analysis  

 

 Data was recorded in Excel (v. 2016), and analyzed using SAS (v. 9.4). 

Fisher’s Exact test was conducted on each participant pair (patient and control) to determine 

degree of matching. Wilcoxon Ranked Sum test was conducted to compare the difference in 

analyte levels between patients and controls. Both of these tests are two-tailed in nature, and 

differences were considered statistically significant at p ≤ 0.05. 
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CHAPTER 4: Results and Discussion 

 

 As stated in the methodology section, the proposed sample size for the study was  a 

total 60 participants: 40 NCC patients and 20 healthy controls. However, a series of logistic 

delays to implement the study, along with a slow turnout of participants, it was only possible 

to recruit 11 patients (9 females and 2 males), and 11 matched healthy controls. 

 Due to this small sample size and the skewed male/female ratio, not all research 

objectives were fulfilled. As stated in the section (section 2.8.1 page 56), the original research 

objectives were to investigate whether differences in the level or concentration of certain 

circulating biomarkers (hormonal and cytokine) could be detected when comparing NCC 

patients and healthy individuals serving as controls. Initial objectives were to compare these 

differences as follows: 

(1) NCC patients vs. healthy controls 

(2) Male vs. female NCC patients 

(3) Severe vs. non-severe NCC disease 

 

 For the reasons stated above, the analysis and discussion will focus solely on objective 

1, that is, the differences in biomarker concentrations between NCC patients vs. healthy 

controls. 

 

4.1 – Clinical presentation of patients 

 

The clinical symptoms presented by the patients are consistent with those recorded in 

the literature. Most patients had been diagnosed within 5 years of recruitment (90.9%). Out of 

11 patients, MRI/CT scans showed that 8 (72.7%) had images consistent with active infection, 

while the remaining 4 (27.2%) had evidence of inactive infection, presenting end-stage cysts 
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calcification. All patients suffered from epilepsy of different kinds (most with convulsions). 

The second most common manifestation (72.7% of patients) was chronic migraines/headaches. 

An increase of intracranial pressure was less common: two patients suffered from current/prior 

hydrocephaly – one of which reported meningeal involvement. Only one patient presented 

papilledema, a serious condition that can cause vision loss. Papilledema in this case was due 

to intraventricular NCC. A full list of clinical symptoms can be seen below in Table 4. 

 

Table 4 - Clinical and demographic descriptions of NCC patients 

  Female (n=9) Male (n=2) Total Patients (n=11) 

 # (%) # (%) # (%) 

Age (mean ± SD) 34.2 ± 13.8 (81.8) 43.5 ± 10.6 (18.2) 35.9 ± 13.3 (100.0) 

Epilepsy 9 (100) 2 (100.0) 11 (100.0) 

      with convulsions 8 (88.9) 2 (100.0) 10 (90.9) 

      without convulsions 1 (11.1) 0 (0.0) 1 (9.1) 

Tonic-clonic seizures (generalized) 1 (11.1) 1 (50.0) 2 (18.2) 

Simple focal seizures (partial) 1 (11.1) 0 (0.0) 1 (9.1) 

Secondary generalized seizures 2 (22.2) 0 (0.0) 2 (18.2) 

Complex focal seizures (partial) 1 (11.1) 1 (50.0) 2 (18.2) 

Chronic headache/migraine 6 (66.7) 2 (100.0) 8 (72.7) 

Short-term memory loss 1 (11.1) 0 (0.0) 1 (9.1) 

Intellectual decline 1 (11.1) 0 (0.0) 1 (9.1) 

Meningeal involvement 0 (0) 1 (50.0) 1 (9.1) 

Somatosensory decline 2 (22.2) 0 (0.0) 2 (18.2) 

Movement disorder 2 (22.2) 1 (50.0) 3 (27.3) 

Hemiparesis 2 (22.2) 0 (0.0) 2 (18.2) 

Hydrocephaly 2 (22.2) 0 (0.0) 2 (18.2) 

Parinaud's syndrome 1 (11.1) 0 (0.0) 1 (9.1) 

Papilledema 1 (11.1) 0 (0.0) 1 (9.1) 

The distribution of clinical symptoms is in alignment with descriptions of NCC 

worldwide. For example, multiple studies have shown that epilepsy, especially late-onset, is 

the most common presentation of NCC, followed by chronic headaches or migraines.83–85 

Further, the most common localization for NCC is within the brain parenchyma. Several other 
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clinical manifestations such as neurological deficits, memory loss, balance disturbances, 

hydrocephalus, and cognitive decline are also reported.50,85–87 A review by HH Garcia (2018) 

states that seizures are the most characteristic symptom of parenchymal NCC. These seizures 

may appear in any stage of parasite’s lifespan, from viable active cysts to degenerating or even 

calcified lesions. Seizure activity is more frequent in patients with degenerating cysts and rare 

in patients with only viable, noninflamed cysts.145 When looking at Honduran literature 

specifically, Medina et al. (2005) also stated that NCC was the primary cause of symptomatic 

epilepsy in the study population.146 A 2018 clinical practice guideline issued by the Infectious 

Diseases Society of America (IDSA) and the American Society of Tropical Medicine and 

Hygiene (ASTMH) confirms that although there is a wide range of clinical manifestations of 

NCC, the two most common clinical presentations are seizures, and increased intracranial 

pressure.88 

 

4.1.1 – General characteristics of participants 

 

Of the 11 patients, 9 (81.8%) were female (16-61 years, mean 34.2 ± 13.8 years) and 2 

(18.2%) were male (36-51, mean 43.5 ± 10.6 years). Each of these patients was matched by 

sex and age with one control. The latter’s group age ranged from 20-60 years (mean 37.9 ± 8.1 

years).  Age was not significantly different between the two  groups (p = 0.19). All participants 

met the inclusion criteria, except for the original age range from 18-45. Age criterion needed 

to be expanded to 16-61 due to the difficulty in recruitment of patients. Healthy participants 

met all other inclusion criteria, such as the absence of any neurological, hormonal, or 

endocrinological conditions, as well as not having previously been exposed to T. solium and 

therefore without a history of either taeniasis or cysticercosis. This was assessed by collecting 
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specific information at the recruitment stage and later confirmed by the absence of  bands in 

the western blots. Patients, as per inclusion criteria, all had a prior confirmed diagnosis of NCC. 

This diagnosis had been made by imaging and clinical evaluations. Of the patients, 8 out of 11 

(72.7%) showed clinical and radiological signs of parenchymal localization, while 3 patients 

had confirmed extraparenchymal involvement. Five patients (45.5%) had antibodies reacting 

to one or more glycoprotein bands in the EITB, while none of the controls showed detectable 

bands in the assay. Table 5 illustrates the details of each patient’s diagnosis (e.g., NCC type, 

localization, and stage), serology findings as well as other biomarker results. Table 6 illustrates 

the details of each healthy control, including the code identifier that matches them to their 

corresponding patient outlined with the same number in Table 5.
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Table 5 - Clinical, serological, cytokine, and hormonal findings of 11 patients 

Code Sex Age 

Type of NCC 

at recruitment 

(active/inactive

) 

Localization of cysts NCC Stage 

WB 

Results 

# of bands 

IL-6 

(pg/mL) 

IL-10 

(pg/mL) 

P4 

(ng/mL) 

T4 

(ng/mL) 

A4 

(ng/mL) 

DHT 

(pg/mL) 

E2 

(pg/mL) 

LH 

(IU/L) 

FSH 

(IU/L) 

1 F 33 Inactive Parenchymal 
Granular/ 

calcified 
0 85.82§ 162.30§ 56.46 0.25 4.30§ 26.11‡ 

1994.14
§ 

89.35§ 78.41§ 

2 F 16 Active 
Extraparenchyma

l 
Colloidal 2 89.74§ 425.84§ 59.22 0.29 5.70§ 27.59‡ 

2140.11
§ 

94.65§ 67.68§ 

3 F 47 Active Parenchymal 
Colloidal/

Granular 
0 255.63§ 373.37§ 46.33 0.24 3.22§ 26.51‡ 984.71§ 85.45§ 57.31§ 

4 F* 61 Inactive Parenchymal Calcified 0 42.86§ 285.37§ 45.41 0.19‡ 2.56§ 34.83‡ 
1720.42

§ 
94.22§ 51.12§ 

5 M 51 Active Parenchymal Colloidal 3 29.53§ 164.63§ 1.64 0.07‡ 3.53§ 22.43‡ 
3196.24

§ 
2.41 49.17§ 

6 M* 36 Active 
Extraparenchyma

l 

Granular/ 

calcified 
5 35.08§ 174.37§ 1.84 0.09‡ 6.31§ 25.35‡ 

3091.78
§ 

3.61 47.89§ 

7 F 41 Inactive Parenchymal Calcified 1 45.64§ 283.62§ 54.77 0.93 5.44§ 34.22‡ 
2790.73

§ 
85.63§ 59.87§ 

8 F 21 Active Parenchymal 
Vesicular/

Colloidal 
0 98.42§ 378.90§ 49.73 0.21 4.03§ 37.32‡ 973.64§ 88.29§ 65.09§ 

9 F 26 Active 
Extraparenchyma

l 

Vesicular/

Colloidal 
2 99.75§ 452.00§ 53.84 0.16‡ 3.39§ 29.30‡ 

1020.33
§ 

89.47§ 78.74§ 

10 F 31 Active Parenchymal Vesicular 0 85.37§ 280.32§ 59.42 0.27 3.95§ 30.01‡ 
1162.77

§ 
97.27§ 64.89§ 

11 F 32 Active Parenchymal Vesicular 0 57.36§ 386.80§ 42.20 0.36 3.88§ 35.32‡ 750.17§ 77.49§ 89.42§ 

NCC = Neurocysticercosis; WB = Western blot; IL = Interleukin; P4 = Progesterone. T4 = Testosterone. A4 = Androstenedione. DHT = Dihydrotestosterone. E2 = Estradiol; 

LH = Luteinizing hormone; FSH = Follicle stimulating hormone. § = higher than reference value. ‡ = lower than reference value. *Mother and son
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Table 6 - Clinical, serological, cytokine, and hormonal findings of 11 controls 

Code Sex Age 

WB 

Results 

# of bands 

IL-6 (pg/mL) IL-10 (pg/mL) P4 (ng/mL) T4 (ng/mL) 
A4 

(ng/mL) 
DHT (pg/mL) 

E2 

(pg/mL) 
LH (IU/L) FSH (IU/L) 

1 F 33 0 13.40§ 27.53§ 19.27 0.41 1.20 38.49 183.20 35.23 15.21 

2 F 21 0 12.31 7.90§ 12.52 0.73 1.70 48.28 122.71 44.24 11.38 

3 F 47 0 12.58§ 8.74§ 28.63 0.35 2.20 62.99 274.41 35.21 9.36 

4 F 60 0 10.43 8.03§ 25.53 0.46 2.00 73.37 210.07 39.43 8.36 

5 M 50 0 13.83§ 7.04 0.74 9.41 1.87 543.62 36.53 5.33 15.27 

6 M 51 0 6.06 4.65 0.37 10.93 1.84 635.63 29.11 4.31 17.36 

7 F 41 0 12.29 10.31§ 26.32 1.40§ 2.01 55.45 352.59 13.50 19.52 

8 F 23 0 24.62§ 11.53§ 29.46 0.74 2.11 39.48 293.99 26.73 5.71 

9 F 26 0 8.63 9.31§ 11.04 0.96 0.50 41.11 372.53 25.37 7.84 

10 F 29 0 17.64§ 7.30 18.62 0.87 0.78 52.42 211.35 34.62 9.36 

11 F 36 0 13.56§ 8.45§ 15.72 0.98 0.83 102.40 312.05 35.27 10.25 

 

NCC = Neurocysticercosis; WB = Western blot; IL = Interleukin; P4 = Progesterone. T4 = Testosterone. A4 = Androstenedione. DHT = Dihydrotestosterone. E2 = Estradiol; 

LH = Luteinizing hormone; FSH = Follicle stimulating hormone. § = higher than reference value. ‡ = lower than reference value.
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4.2 – Patients’ individual pharmacological treatment 

 

Patient 1: is a 33-year-old woman that was diagnosed with NCC at the age of 13. At the 

time, she was prescribed the antihelminthic medication albendazole, paired with a high dose of the 

corticosteroid dexamethasone. She still suffers from chronic migraines and simple partial seizures 

(without loss of consciousness). This patient is currently prescribed two anti-epileptic drugs 

(AEDs): (1) valproic acid (500 mg, 3 times/day) and (2) levetiracetam (500 mg/day). 

Patient 2: is a 16-year-old girl who was diagnosed with NCC in March 2019 but has been 

suffering from chronic migraines and complex focal seizures since she was 15. This patient started 

with a focal somatosensory seizure affecting the right side of her body, followed by a generalized 

seizure that makes her unable to respond to questions or direction for a few minutes. This patient 

was prescribed albendazole and dexamethasone at the time of her diagnosis but is currently only 

on a single dose AED called phenytoin to treat her tonic-clonic seizures. 

Patient 3: is 47-year-old woman and was diagnosed with NCC in March 2019 when a 

FLAIR MRI image of her brain revealed hyperintense lesions in the temporoparietal lobe. These 

nodular lesions were 6 mm in width accompanied by intense perilesional edema that was strongly 

indicative of active NCC in the colloidal/nodular granular stage. This patient suffers from chronic 

migraines and has difficulty with movement and balance. Although she is not currently on any 

medication, she was prescribed albendazole to clear the parasite, and levetiracetam to treat her 

non-convulsive seizures. 

Patient 4: is a 61-year-old woman and happens to be the mother of patient 6. She currently 

suffers from hemiparesis affecting her left side due to a lesion-related cerebral infarct causing 

ischemia in the right M1 region of her cerebral artery. MRI scans also show several calcified 
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lesions congruent with NCC diagnosis. This patient is currently taking albendazole and 

dexamethasone daily, in combination with an injected antidiuretic medication called mannitol, to 

lower her increased intracranial pressure. 

Patient 5: is a 51-year-old man who was diagnosed with NCC in 2018. He suffers from 

chronic migraines, hydrocephaly, and convulsive seizures. MRI scans observed several colloidal 

lesions with perilesional edema, including the presence of T. solium scolices within their interior. 

This patient is not currently taking any medication but was prescribed albendazole and phenytoin 

at the time of diagnosis. 

 Patient 6: is a 36-year-old man and the son of patient 4. He was diagnosed with NCC in 

September 2018. An MRI revealed multiple degranulating cystic lesions, calcifying in the right 

frontal and bilateral temporal regions of the brain. Since the perimesencephalic cisterns were 

involved, extraparenchymal localization was documented. Prior to diagnosis, this patient suffered 

severe chronic migraines and had to undergo a procedure to insert a ventriculoperitoneal (VP) 

shunt to relieve intracranial pressure caused by CSF fluid accumulation. This patient was 

prescribed with albendazole but is currently only medicated with an AED called oxcarbazepine 

(300 mg/day) to treat the tonic-clonic generalized seizures. Due to the VP shunt, this patient could 

not be prescribed glucocorticoids or diuretics to accompany the antihelminthic albendazole. 

 Patient 7: is a 41-year-old woman who suffers from chronic migraines, hydrocephaly, and 

severe short-term memory loss. She is affected by unilateral paresis that weakened the entire left 

side of her body, making it difficult to move and maintain balance. She also suffers from a 

limitation in vertical eye movement, so she has difficulty looking upward. This complication is 

caused by Parinaud syndrome (also known as the dorsal midbrain syndrome), which is a 



 

82 

 

supranuclear vertical gaze disturbance caused by compression of the superior tectal plate. This 

patient was finally diagnosed with NCC at the age of 38, in 2016, when a brain scan revealed 

active hydrocephaly accompanied by multiple proximal parenchymal calcifications. At the time of 

diagnosis, she was prescribed albendazole, but is currently not taking any medications. Of interest, 

it was noted on her medical record, that she was born and raised in an area where porcine 

cysticercosis is allegedly endemic. If true, this means that human tapeworm carriers in the area 

that are continually contaminating the environment with T. solium eggs, and that the patient may 

have been repeatedly exposed  to T. solium egg infection. 

 Patient 8: is a 22-year-old young woman who suffers from convulsive seizures and 

hydrocephaly. At the time of NCC diagnosis, an eye scan revealed second grade papilledema, 

which is a serious medical condition caused by a buildup of pressure in or around the brain which 

causes the optic nerve to swell. Further, a pupillary light reflex test revealed that her pupils were 

isometric (nonresponsive to light), remaining at a static length measurement of 3 mm wide. At the 

time of NCC diagnosis, the patient was prescribed albendazole, dexamethasone, and mannitol. 

Currently, she is only taking 300 mg/day of phenytoin to manage her seizures. 

 Patient 9: is a 26-year-old female who suffers from convulsive seizures, chronic 

migraines, and cognitive deficit. She was previously prescribed albendazole and dexamethasone 

to treat NCC but is currently only taking the AEDs carbamazepine and phenobarbital to prevent 

seizures. 

 For Patient 10 and 11, the medical histories were sparse. Patient 10 is a 31-year-old female 

who was diagnosed with NCC and her clinical presentation includes only epilepsy. She was never 

prescribed any anthelminthic, but is currently taking three AEDs: phenytoin, carbamazepine, and 
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valpalcine daily. Patient 11 is a 32-year-old female who suffers from convulsive seizures and 

chronic migraines. She was never prescribed albendazole but is on carbamazepine and valpalcine 

daily.  

4.3 – Anti-T. solium antibodies 

 

As shown below in Figure 8 panel B, none of the healthy controls showed detectable 

reactivity to any of the seven glycoproteins detected by the WB assay. Along with their lack of 

history of intestinal tapeworm infection and absence of clinical symptoms compatible with NCC, 

these immunological results confirm that the healthy control group was suitable to establish 

comparisons with NCC patients. On the other hand, five patients (45.5%) had detectable levels of 

circulating specific anti-T. solium antibodies as shown through the WB assay. These patients are 

labelled below on panel A as patient’s numbers 2, 5, 6, 7 and 9. Some patients showed stronger 

reactions (as shown by darker GP bands) and some were positive to more than one GP band. The 

bands for patients 2, 6, and 9 were darker indicating higher concentration of antibodies. Further, 

Figure 8 - Anti-T. solium IgG Western Blot of patients (Panel A) and controls (Panel B) 
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these three patients happened to show evidence of extraparenchymal involvement —a more severe 

condition than parenchymal localizations). Patient 5 shows 3 faint bands at 39 kDa, 23-26 kDa, 

and 6-8 kDa. Similarly, patient 7 also shows a faint band at 6-8 kDa. 

 

Although panel A is comprised solely of confirmed NCC patients, background literature 

suggests that it is normal for some of them, depending on the specifics of their NCC diagnosis, to 

not generate enough antibodies to reach a detectible threshold. NCC research conducted in 

Honduras by Sanchez et al. (1999) concluded that for antibody detection, the EITB in peripheral 

serum has much lower sensitivity than CSF.147 Results from their research showed that when EITB 

was performed in serum (instead of CSF), antibodies were only present in 7 of the 14 NCC patients 

with active lesions, and only 9 out of 32 (28%) patients with calcified lesions.147 Two explanations 

are offered for this phenomenon: (i) antibodies produced intrathecally do not cross the BBB to the 

blood circulation, and if they do, circulating concentrations are not detectable by the assay. The 

second explanation is attributed to a waning antigenic stimulation as cysticerci die and calcify. The 

literature continues suggesting that serum antibody detection for NCC diagnosis has serious 

limitations. For example, between 10 – 20% of individuals in endemic populations may present 

specific antibodies to T. solium not only in cases of viable NCC infection, but also due to infections 

outside the CNS, exposure without infection, or from infections that were resolved 

spontaneously.145 Patients with viable cyst infections should be positive on the LLGP-EITB, and 

individuals with calcified lesions only should be negative. However, a remaining caveat of 

serology occurs in cases of seronegative results in the presence of a single brain cyst (or single 

degenerating nodule). In this case, there is no alternate form of NCC diagnosis confirmation, unless 

a T. solium carrier can be found in the household — which will strengthen the epidemiological 
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suspicion.145 The IDSA/ASTMH guidelines recommend serological testing with EITB for 

confirmation in patients with suspected NCC. However, the guidelines warn of the fact that EITB’s 

sensitivity is poor in patients with a single parenchymal lesion or with only calcifications.88 To 

increase the sensitivity of the EITB, CSF would have been a better sample to determine the 

presence of antibodies. In the patients of the present study, CSF extraction was not pursued, as a 

lumbar puncture is a highly invasive procedure that carries risks for the patient. As patients already 

had a confirmed NCC diagnosis, obtaining a CSF sample was neither medically required nor 

ethically justified. 

 

4.4 – Immunoendocrine Profiles 

 

Due to a small sample size, instead of means, medians are used to compare analyte 

concentrations Table 7 below displays the values of each of the 9 immunoendocrine markers of 

interest separated by patient and control groups, as well as sex. The associated p-values compare 

the difference in analyte concentrations between patients and controls. Any of these p-values that 

are below the 5% significance level show that a statistically significant difference in analyte 

concentration exists between patients and controls. 
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Table 7 - Median analyte values separated by sex and participant group 

P-values of the differences of each analyte are shown and have been calculated by comparing 

patients to healthy controls. 

Analyte Patient  Control p-value 

     

IL-6 (pg/mL) 85.37  12.58 < 0.0001§ 

IL-10 (pg/mL) 285.37  8.45 < 0.0001§ 

P4 (ng/mL) 49.73  18.62 0.0058§ 

T4 (ng/mL) 0.24  0.87 0.0005§ 

A4 (ng/mL) 3.95  1.84 < 0.0001§ 

DHT (pg/mL) 29.30  55.45 < 0.0001§ 

E2 (pg/mL) 1720.42  211.35 < 0.0001§ 

LH (UI/L) 88.29  34.62 0.0126§ 

FSH (UI/L) 64.89  10.25 < 0.0001§ 

IL = Interleukin; P4 = Progesterone. T4 = Testosterone. A4 = Androstenedione. DHT = Dihydrotestosterone.  E2 = 

Estradiol; LH = Luteinizing hormone; FSH = Follicle stimulating hormone. § = statistically significant p-value. 

 

 

4.4.1 – Cytokines (IL-6 and IL-10) 

 

Table 8 and Figure 9 show that both IL-6 and IL-10 concentration values were 

significantly different between patients and controls (p <0.0001). In both cases, concentrations of 

IL-6 and IL-10 were increased significantly when compared to healthy controls. The actual median 

concentrations can be seen above in Table 10. 
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Table 8 - Wilcoxon Ranked Sum test for controls and patients of IL-10 and IL-6 

 
Wilcoxon Scores (ranked Sum) Wilcoxon Two-Sample test 

N 
Sum of 

Scores 
Expected 

Std 

dev 

Mean 

score 
Statistic Z p-value 

IL-10         

Control 11 66.000 126.500 15.229 6.000 66.000 -3.940 <.0001§ 

Patient 11 66.000 126.500 15.229 17.000 66.000 -3.940 <.0001§ 

IL-6         

Control 11 66.000 126.500 15.229 6.000 66.000 -3.940 <.0001§ 

Patient 11 66.000 126.500 15.229 17.000 66.000 -3.940 <.0001§ 

 
IL = Interleukin; § = statistically significant p-value. 

 

 

 
Figure 9 - Wilcoxon Scores for (A) IL-10  and (B) IL-6 

Each test compares median concentration levels between controls and patients. 
 

 

In this study, only 2 cytokines were chosen as markers. At the beginning of the infection, 

the host responds with a Th1 inflammatory immune reaction mainly characterized by an increase 

in interleukin 1 beta (IL-1ß), tumor necrosis factor alpha (TNFα), and interferon gamma (IFNγ).46 

As the infection progresses, the cysticerci mature and slowly degenerate, and the immune profile 

0

5

10

15

20

S
co

re

Control patient

code

Distribution of Wilcoxon Scores for IL10

0

5

10

15

20

S
co

re

Control patient

code

<.0001Pr > |Z|

<.0001Pr < Z

Distribution of Wilcoxon Scores for IL10

0

5

10

15

20

S
co

re

Control patient

code

Distribution of Wilcoxon Scores for IL6

0

5

10

15

20

S
co

re

Control patient

code

<.0001Pr > |Z|

<.0001Pr < Z

Distribution of Wilcoxon Scores for IL6

A B 



 

88 

 

represents a mixed Th1-Th2 response that is ultimately characterized by the formation of 

collagenous structures, associated with TNFα, IL-1ß, IL-4, IL-6, and IL-10. Hence, the presence 

of seemingly antagonistic interleukins: IL-6 —which is mainly inflammatory— and IL-10 —

which is modulatory and notably anti-inflammatory148 Indeed, high levels of IL-6 induce an 

upregulation of IL-10, which in turn downregulates inflammation. Several studies, in fact, report 

that chronic NCC infections are characterized by a mixed Th1/Th2 immune response. For example, 

with regards to the number of cysts and related immunopathology, single (degenerating or 

calcified) cysts usually elicit a proinflammatory Th1 response. In contrast, patients with multiple 

(viable and degenerating) cysts exhibit an anti-inflammatory Th2 immune profile characterized by 

prominent expression of IL-4, IL-5, IL-6, IL-10, and IL-13 cytokines as well as lower levels of 

effector memory CD4+ T cells.148 In vitro studies have documented that in the presence of 

cysticerci, monocyte-derived dendritic cells acquire a tolerogenic phenotype, which promotes the 

proliferation of Treg cells. As such, results showed that higher IL-10 and regulatory T-cell type 1 

(Tr1) levels were found in NCC patients’ peripheral blood, suggesting that the action mechanism 

of regulatory T-cells involves the release of immunomodulatory cytokines. Further, their results 

suggest that during NCC, regulatory T-cells could control the immune response, probably by direct 

cell-to-cell contact with dendritic cells and IL-10 release by Tr1, all of which would create an 

immunomodulatory environment that may favour the development of T. solium cysticerci and their 

permanence in the CNS.74,149,150 Other research conducted in the field by Prasad et al. in 2015 

shows that brain tissue surrounding dying cysts having granulomas produce higher levels of Th1 

cytokines (i.e., IFNγ, IL-18, and TGF-ß) and low amounts of Th2 cytokines (i.e., IL-4, IL-13, and 

IL-10).25,82 Similarly, a swine NCC study demonstrated the expression of regulatory cytokine IL-
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10, Th1 cytokines (IFNγ, TNFα, IL-1ß, IL-2, IL-6, and IL-8) and a mixed Th1-Th2 cytokine 

response (IL-4, IL-10, TNFα, and IL-6) in the brain tissue surrounding viable, degenerating and 

calcified cysts, respectively. Further evidence suggests that severe NCC is accompanied by 

increased eosinophilic infiltration in the CSF as well as by production of mixed Th1/Th2 cytokines 

(specifically, IL-5, IL-6, and IL-10). Furthermore, as disease severity increases with parasite load, 

patients with multiple cysts show a significantly higher expression of IL-5 and IL-6 than patients 

having a single cyst.72 Research conducted by Rodrigues et al. showed that in patients with active 

NCC, IL-10 is a major cytokine in the CSF.151 Another study conducted by Cárdenas et al., in 

which researchers compared the CSF of clinically severe NCC patients, demonstrated that when 

compared to healthy controls, patients had significant increased concentration of IL-1β, IL-10, and 

IL-17.34 With respect to the different localizations of cysticerci within the CNS, a study by Adalid-

Peralta et al. (2017) found that extraparenchymal involvement induced a severe clinical condition 

(hydrocephalus, intracranial hypertension, and/or vasculitis) and that patients exhibited increased 

CSF of IL-5, IL-6, and IL-10.149  

 

4.4.2 – Progesterone (P4) 

 

A significant difference in median progesterone levels (exact values can be seen in Table 

10 above) — a female-dominated hormone — between patients and controls was observed, and 

results are presented in Table 9 and Figure 10. Progesterone is one of the key components in the 

normal deandrogenization of testosterone (T4) to estradiol (E2). 
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Table 9 - Progesterone (P4) comparision for controls and patients 

 
Wilcoxon Scores (ranked sum) Wilcoxon Two-Sample test 

N 
Sum of 

Scores 

Expecte

d 
Std dev 

Mean 

score 
Statistic Z p -value 

P4         

Control 11 84.0 126.50 15.2288 7.6363 84.0000 -2.7579 0.0058§ 

Patient 9 169.0 126.50 15.2288 15.3636 84.0000 -2.7579 0.0058§ 

P4 = Progesterone; § = statistically significant p-value. 

 

 

 

 
Figure 10 - Distribution of Wilcoxon Scores for progesterone (P4) 

This test compares median concentration levels between controls and patients. 
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 Previous research has shown that NCC patients have an increased concentration of 

progesterone (P4), as it gets depleted converting into E2 with the help of the catalyst aromatase. 

In the present study, the mean concentrations of progesterone are clearly higher in patients when 

compared to healthy controls. An argument questioning this finding is that 9 of the 11 patients and 

their controls were females. However, patients and controls were matched by age and sex, so the 

statistically significant difference (p = 0.0058) suggest that the findings might not be spurious. 

Nevertheless, a larger study is needed to confirm our results in terms of P4. Interestingly, there 

were two patients with outlier values, which can be seen at the bottom of the boxplot (Figure 10). 

Notwithstanding, the significantly increased level of progesterone seen in NCC patients of the 

present study are not dissimilar to what is reported in the literature, specifically in murine models. 

For example, a study comparing NCC-infected mice to healthy controls found that progesterone 

treatment increased parasite loads two-fold in females and three-fold in males. Further, the 

expression of the Th2 immune profile (i.e., IL-4, IL-6, and IL-10) was markedly increased in 

infected mice of both genders, while progesterone treatment downregulated this expression down 

to baseline.138 Progesterone levels increased three-fold only in progesterone-treated infected mice 

of both sexes, while estradiol (E2) levels in female and male progesterone-treated infected mice 

increased two-fold compared to infected control mice. Further, the infection markedly induced a 

five-fold increase of expression of the progesterone receptor (PR) isoforms A and B in splenocytes 

of infected mice of both genders.138 Metabolism of progesterone to E2 was demonstrated by the 

use of the anti-estrogen tamoxifen, which reduced parasite loads by 100% in infected mice of both 

sexes treated with progesterone.137 Interestingly, several in-vitro studies have reported that T. 

solium is able to process progesterone and other corticosteroids and sex steroids as metabolites.152 
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Progesterone is also important for inducing scolex evagination, possibly by binding a specific 

receptor.153 Thus, the results of the present study support previous studies and suggest that 

progesterone, possibly through its metabolism to E2, affects establishment, growth, and 

reproduction of T. solium metacestodes. These findings are relevant to human pathology, not only 

because human brain cells are able to produce progesterone and other neurosteroids, but also 

because these hormones can exert immunomodulatory effects in favour of parasite development 

and growth.154 

 

4.4.3 – Androstenedione (A4) 

 

Androstenedione (A4) —a precursor of both testosterone and other androgens, as well as 

of estrogens— was significantly elevated in patients compared to controls (Table 10 and Figure 

11). Like progesterone, androstenedione concentrations change drastically during normal 

menstruation. In women, during the luteal phase of the menstrual cycle (day 14 – 28), progesterone 

levels increase substantially and remain high until the start of the next menstrual cycle. Excess 

progesterone levels become rapidly converted into androstenedione (by p450C17) in theca cells. 

This spike in A4 occurs to stimulate the production of estrogens (E1 and E2) in granulosa cells. 

A4 is also deandrogenized with the help of aromatase (stimulated by an increase of IL-6 and FSH). 

 

Table 10 - Androstenedione (A4) comparison for controls and patients 

 

A4  

Wilcoxon Scores (ranked Sum) Wilcoxon Two-Sample Test 

N 
Sum of 

Scores 
Expected Std dev 

Mean 

score 
Statistic Z p-value 

Control 11 66.0 126.50 15.2288 6.0 66.000 -3.9399 < 0.0001§ 

Patient 11 187.0 126.50 15.2288 17.0 66.000 -3.9399 < 0.0001§ 
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A4 = Androstenedione; § = statistically significant p-value. 

 

 

 Due to the small number of patients, analysis by disease severity was not possible. Thus, 

results presented here could not be contrasted with data from other studies demonstrating that 

clinically severe NCC patients —partucularly women— have lower progesterone and 

androstenedione levels.149  

 

 

 

 

0

5

10

15

20

S
co

re

Control patient

code

Distribution of Wilcoxon Scores for Androstenedione

0

5

10

15

20

S
co

re

Control patient

code

<.0001Pr > |Z|

<.0001Pr < Z

Distribution of Wilcoxon Scores for Androstenedione

Figure 11 - Distribution of Wilcoxon Scores for androstenedione (A4) 

This test compares median concentration levels between controls and patients. 
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4.4.4 – Dihydrotestosterone (DHT) 

 

DHT concentrations were significantly much lower in patients compared to controls 

(Figure 12). These findings are compatible with a pro-inflammatory profile —since androgens 

(like DHT and T4) are pro-inflammatory and exert a cysticidal effect. 

It is widely accepted by the scientific community that T. solium infection in the CNS 

discourages androgen build-up by stimulating its deandrogenization into estrogens.  

Another key point to discuss here is that T4 and DHT are significantly male-dominated 

hormones, so with so few males to compare (n=2), the findings presented here requires further 

research. 

 

Table 11 - Dihydrotestosterone (DHT).comparison for controls and patients 

  

Wilcoxon Scores (ranked Sum) Wilcoxon Two-Sample Test 

N 
Sum of 

Scores 
Expected Std dev 

Mean 

score 
Statistic Z p-value 

DHT         

Control 11 187.0 126.50 15.2288 17.0 187.000 3.9399 < 0.0001§ 

Patient 11 66.0 126.50 15.2288 6.0 187.000 3.9399 < 0.0001§ 

DHT = Dihydrotestosterone; § = statistically significant p-value. 
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Figure 12 - Distribution of Wilcoxon Scores for dihydrotestosterone (DHT) 

This test compares median concentration levels between controls and patients 

 

Since DHT is a derivative of T4, the significantly reduced concentration of peripheral T4 

seen in NCC patients when compared to healthy controls limits the normal production of DHT.  

Therefore, it was expected that DHT would be found at a significantly lower concentration 

compared to normal. 

 

4.4.5 – Gonadotropins (LH and FSH) 

 

A significant statistical difference in median LH and FSH levels was observed between 

patients and controls (Table 12). Both gonadotropins were higher in patients when compared to 

controls. In Figure 13, LH concentration for patients has two outliers near the bottom (sourced by 
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the two male patients) that suggests that an elevated LH (which then stimulates the production of 

A4) may only be salient in females. In the case of FSH (which presumably also stimulates the 

production of the key catalyst for deandrogenization, aromatase) both male and female patients 

show significantly elevated concentration levels compared to healthy controls. 

 

Table 12 – Comparison of FSH and LH for controls and patients 

 
Wilcoxon Scores (ranked Sum) Wilcoxon Two-Sample Test 

N 
Sum of 

Scores 
Expected Std dev 

Mean 

score 
Statistic Z p-value 

FSH         

Control 11 66.0 126.50 15.2245 6.000 66.000 -3.9410 < 0.0001§ 

Patient 11 187.0 126.50 15.2245 17.000 66.000 -3.9410 < 0.0001§ 

LH         

Control 11 88.0 126.50 15.2288 8.000 88.000 -2.4953 0.0126§ 

Patient 9 165.0 126.50 15.2288 15.000 88.000 -2.4953 0.0126§ 

 

LH = Luteinizing hormone; FSH = Follicle stimulating hormone; § = statistically significant p-value. 

 

 

 

A B 

Figure 13 - Distribution of Wilcoxon Scores for (A) LH  and (B) FSH 

Each test compares median concentration levels between controls and patients 
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These gonadotropins have large roles to play in the menstrual cycle from assisting in the 

maturation of Graafian follicles in the ovaries to regulate ovulation. Further, at day 14 of the 

menstrual cycle, both LH and FSH concentrations spike making comparisons difficult without 

controlling for menstruation. Background literature supports the results of the present study with 

regards to gonadotropin concentrations between NCC patients and healthy controls. For example, 

a study on NCC patients showed a significant increase of luteinizing hormone (LH) in males. 

Further, in clinically severe male patients, high level of follicle stimulating hormone (FSH) and 

low level of testosterone were found.138 Further, increased serum levels of the natural activator of 

aromatase expression, follicle stimulating hormone (FSH), commonly seen in chronically infected 

mice, supports the idea that FSH is also an important mediator involved in the deandrogenization 

process.34 Pharmacologically, beyond stimulating the production of P4, the actions of hCG are 

essentially identical to those of LH, and to a lesser extent FSH. This may be due to the alpha 

subunit of hCG being identical to the alpha subunits of both LH and FSH. As such, hCG is 

considered the pituitary analog of LH since it has been documented in both male and females to 

stimulate Leydig cells to produce estrogens.141,142 As such, in an effort to understand the role of 

gonadotropins with cysticercosis, a study in 2007 proposed that this hormone may play an 

important role in growth during gestation of T. solium and T. crassiceps. They found that 

gonadotropin promotes the reproduction and maturation of both parasites by increasing the number 

of buds in the cysticercus of T. crassiceps and increasing the length of the strobila and percentage 

of evagination in T. solium.143 In agreement with the previous literature, data collected from this 

study suggests that the increased concentration of gonadotropins may play a key mitogenic factor 

in parasite development. 
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4.4.6 – Testosterone (T4) and Estradiol (E2) 

 

A significant difference between median testosterone and estradiol was identified when 

comparing controls to patients. From the data presented in Table 13 and Figure 14, T4 is reduced 

with E2 being significantly elevated in patients when compared to controls. This finding is 

consistent with the literature as these two hormones have been consistently demonstrated to 

stimulate a parasite-permissive (E2) or a parasite-restrictive (T4) environment respectively. It is 

worth noting that in Figure 14, a large range exists for T4 but not for E2. This difference in range 

size may be attributed to the small sample size, or the disproportionate numbers representing male 

patients/participants. 

 

 

Table 13 – Comparison of T4 and E2 for controls and patients 

 
Wilcoxon Scores (ranked Sum) Wilcoxon Two-Sample Test 

N 
Sum of 

Scores 

Expecte

d 
Std dev 

Mean 

score 
Statistic Z p-value 

T4         

Contro

l 
11 180.0 126.50 15.2288 16.3636 180.000 3.4802 0.0005§ 

Patient 11 73.0 126.50 15.2288 6.6363 180.000 3.4802 0.0005§ 

E2         

Contro

l 
11 66.0 126.50 15.229 6.000 66.000 -3.940 <.0001§ 

Patient 11 187.0 126.50 15.229 17.000 66.000 -3.940 <.0001§ 

T4 = Testosterone; E2 = Estradiol; § = statistically significant p-value. 
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Figure 14 - Distribution of Wilcoxon Scores for Testosterone and Estrogen 

Each test compares median concentration levels between controls and patients. 

 

 

Differences based in biological sex have been reported many times in mice models of T. 

crassiceps infection. The biggest difference is that female mice are more permissive to parasite 

growth than males.155 In fact, gonadectomy of infected male mice abolishes the difference in 

susceptibility between sexes.135 Furthermore, 17β-estradiol (E2) administration increases parasite 

survival and parasite load in infected males.122 Other researchers, as mentioned already, have 

confirmed that cysticercosis leads to a feminization process in male hosts, which is triggered by a 

markedly increased estrogen synthesis (200 times the normal value) and 90% reduction in 

testosterone production.134 Research in swine describes that T. solium infections in pigs 

significantly alters their normal endocrine functioning. Results from one study showed a 

significant reduction in testosterone levels in infected pigs when compared to healthy animals.9 

Other reports looking at porcine cysticercosis models concluded that castration and pregnancy 

increased both cysticercosis prevalence and parasite load in rural pigs.113 
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In the present study, the substantive differences in T4 and E2 found in our patients 

compared to the healthy controls can be explained by the deandrogenization process stimulated by 

cysticerci to create a parasite-permissive microenvironment. 

 

4.5 – Strengths and Limitations 

 

There are several strengths and limitations of the present study. Firstly, the collaboration 

between UNAH and Brock University has been monumental for the progression of this study. 

Finding NCC patients would have been difficult devoid of having a neurologist investigator who 

was able to look at his own patient records to recruit individuals to the study. Another strength of 

the study is due to having a matched group of healthy participants. This allowed the present study 

to control for environmental factors that could act as confounders. Without this comparison group, 

results of the study would have been ambiguous due to having to compare the data to the literature. 

Another strength of the study is that it was conducted in Honduras where T. solium is endemic. 

Recruiting patients in a non-endemic areas such as Canada would rely enrolling a sufficient 

number of patients who had migrated and are being treated in the country —which could take years 

to accomplish. 

 The largest limitation of the current study is the small sample size. Ethics clearance was 

granted for both Honduras and Canada in August of 2018, but despite vigorous recruitment efforts 

in these three years since then, patient recruitment has been less than optimal. As a result, this 

severely hindered the power of our study since patients could not be grouped into severe and non-

severe cases, which prevent analysis based on clinical severity. 
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CHAPTER 5: Conclusions 

 

 The host-parasite relationship between humans and T. solium is complex and continues to 

be the subject of intense research. As a pathogen capable of entering the CNS, T. solium causes 

important morbidity and disability in endemic countries. Estimates from 2010 show that 

worldwide, NCC has contributed to at least 50,000 deaths annually.156,157 T. solium is disseminated 

from its entry point (i.e., the gastrointestinal tract) through the BBB or the BCSFB to the CNS. 

Here, oncospheres establish after surviving the attack of the immune system. The survival of the 

parasite in the CNS is likely the result of an evolutionary adaptation that translates into a chronic 

infection that has been defined as a “transient silent” clinical presentation.158 Research shows that 

T. solium may exploit host factors such as hormones, neuropeptides, and cytokines, to promote its 

own survival and growth.149 The initial immune response is Th1 but this is later switched to a Th2 

with notable predominance of IL-4 and IL-10.72 The present study shows that NCC patients 

exhibited high levels of IL-10, in agreement with in vitro studies that show that in the presence of 

cysticerci, monocytes-derived dendritic cells acquire a tolerogenic phenotype promoting Tregs. 

These researchers also showed that T. solium can modulate the host’s endocrine system.149 Murine 

models have shown that the female of the species tend to be more permissive to cysticerci growth. 

This sex-differential is not at mere susceptibility (or likeliness) of exposure nor of infection, but 

in fact, permissiveness to allow the infection to progress and establish within the CNS. 

For the purpose of this thesis, 11 NCC patients and 11 controls recruited in the span of two 

and a half years in an endemic country proved to be enough to offer reasonable proof of concept 

of the immune-endocrine alterations brough about by the infection. As such, the project will 

continue until the original number of patients and healthy controls is achieved.  
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Due to the skewed ratio of female/male participants, it was not possible to establish some 

comparisons outlines in the original research objectives. However, it is hard ignoring the fact that 

without intention, most recruited patients were females. A systematic review published in 2016 

identified that in Latin American, females were more likely to have antibodies to T. solium. The 

study advocated for more research to elucidate whether this finding was due to a true physiological 

susceptibility, or if it is related to gender roles played in the cultural setting.159 In agreement with 

the literature, the data found in this study show that compared to controls, patients had elevated 

E2 concentrations. In contrast, DHT and T4 were seen to be significantly lower (presumably 

deandrogenized into E2) in all patients compared to controls. The literature states that this change 

may be reflecting the natural suppression of the inflammatory reaction. T4 is considered an anti-

inflammatory hormone because it reduces co-stimulatory factors expressed by antigen-presenting 

cells and thus downregulates inflammatory cytokines160 and increases the anti-inflammatory 

cytokine IL-10.161 This is an important finding because inflammation is the most critical sign of 

NCC severity. 

A clear ovarian involvement is described within the literature and is further illustrated 

within the present study. P4 and A4 concentrations were both significantly different in patients 

compared to controls. Also, the significant variations in progesterone levels suggest that most NCC 

patients, particularly with severe involvement, could present ovulation failure during active 

infection. In addition, differences found in gonadotropins (LH & FSH) may be due to the natural 

cyclic hormonal variations in women — which comprised 81.8% of all participants. Although data 

was obtained on female menstrual phases, they were not consistent enough to reliably control for 

naturally stimulated changes of P4, A4, LH, and FSH at different points of the cycle. 
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 Even though not all three research questions proposed for the present work could be 

addressed due to the small number of participants and gender imbalance of the sample, we did 

fulfill the overarching goal to demonstrate that NCC patients present an immunoendocrine profile 

significantly different from that of healthy persons. Patients had higher serum concentrations of 

E2, P4, and FSH hormones as well as IL-6 and IL-10 cytokines. In contrast, they exhibited much 

lower serum levels of both androgens T4 and DHT (although differences were only noticeable in 

men).  

While several works describe general pathogenic mechanisms in parasitic diseases, there is 

still little information focusing on how the parasite exploits its host’s molecules for successful 

establishment. Since the CNS is such a tightly regulated microenvironment, parasites have had to 

evolve and develop strategies to make use of growth factors, host proteins, and hormones to 

increase their fitness. The specific nature of the host’s molecules used depends on the intrinsic 

requirement of the infective parasite, especially on whether they are intra- or extra-cellular, and on 

their specific metabolic demands. Despite these differences, their shared need for host molecules 

could also provide general approaches on how to cope with them.  

In summary, the present work adds to the growing body of knowledge indicating how this 

parasitic infection may modulate the host for its successful establishment and survival. In addition 

to being “curiosity-driven”, the aim of this type of work is to provide insight into the design of 

new therapeutic strategies. Among these, researchers in the field envision novel treatments or 

vaccines with the ability to block specific parasite molecules, thereby inhibiting the cysticercus 

establishment in the CNS, or at least shortening its survival and improving the pathological 

markers associated with neurocysticercosis. 
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Bioscience Research Ethics Board 
 

 

Certificate of Ethics Clearance for Human Participant Research 
 

Brock University 
Research Ethics Office 

Tel: 905-688-5550 ext. 3035 

Email:  reb@brocku.ca 

 

                    
 

DATE: 9/27/2018 
  
PRINCIPAL INVESTIGATOR: SANCHEZ; MOLINA, Ana; José Lázaro - Health Sciences 
  
CO-INVESTIGATOR(S): Gabriela Matamoros (gabriela.matamoros@unah.edu.hn); Maria Mercedes 

Rueda (maria.rueda@unah.edu.hn); Francis Bejarano 
(fbshigure1986@gmail.com); Nelson Alexander Betancourt 
(tiroglobulina13@gmail.com) 

  
FILE: 18-046 - SANCHEZ; MOLINA 
  
TYPE: Masters Thesis/Project STUDENT: Nicholas Gadea 

SUPERVISOR: Ana Sanchez 

TITLE: Investigation of hormonal and cytokine biomarker profiles in neurocysticercosis patients 

 

ETHICS CLEARANCE GRANTED 
 
 

Type of Clearance:  NEW Expiry Date:  9/1/2019 

 
The Brock University Bioscience Research Ethics Board has reviewed the above named research proposal and 
considers the procedures, as described by the applicant, to conform to the University’s ethical standards and the 

Tri-Council Policy Statement.  Clearance granted from 9/27/2018 to 9/1/2019.   
 
The Tri-Council Policy Statement requires that ongoing research be monitored by, at a minimum, an annual 
report.  Should your project extend beyond the expiry date, you are required to submit a Renewal form before 
9/1/2019.  Continued clearance is contingent on timely submission of reports. 
 
To comply with the Tri-Council Policy Statement, you must also submit a final report upon completion of your 
project.  All report forms can be found on the Research Ethics web page at 
http://www.brocku.ca/research/policies-and-forms/research-forms.   
 
In addition, throughout your research, you must report promptly to the REB: 

a) Changes increasing the risk to the participant(s) and/or affecting significantly the conduct of the study; 
b) All adverse and/or unanticipated experiences or events that may have real or potential unfavourable 

implications for participants; 
c) New information that may adversely affect the safety of the participants or the conduct of the study; 
d) Any changes in your source of funding or new funding to a previously unfunded project. 

 
We wish you success with your research. 
 
 
Approved: 
 
  ____________________________ 
  Craig Tokuno, Chair 
  Bioscience Research Ethics Board  

 

Note: Brock University is accountable for the research carried out in its own jurisdiction or under its auspices 
and may refuse certain research even though the REB has found it ethically acceptable. 

 
If research participants are in the care of a health facility, at a school, or other institution or community 
organization, it is the responsibility of the Principal Investigator to ensure that the ethical guidelines and 
clearance of those facilities or institutions are obtained and filed with the REB prior to the initiation of 
research at that site. 
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Appendix C – Letter of Invitation 

  

 

 
NCC Study: Tegucigalpa, 2018. Invitation letter (v1.2 Aug 06, 2018) Page 1 of 5 

 
 

RESEARCH STUDY 
Investigation of hormonal and cytokine biomarker profiles in 

neurocysticercosis patients 

 

 

WE WOULD LIKE TO INVITE YOU TO PARTICIPATE IN A 

RESEARCH STUDY ABOUT NEUROCYSTICERCOSIS 
______________________________________________________________________ 
 
TITLE: Investigation of hormonal and cytokine biomarker profiles in neurocysticercosis 
patients 
 

RESEARCH TEAM: 
 

1. Lázaro Molina, MD, Neurología (Facultad de Ciencias Médicas, Hospital Escuela, 
UNAH) 

2. Francis Bejarano, MD (Facultad de Ciencias Médicas, Hospital Escuela, UNAH) 
3. Hospital Escuela Medical Resident, MD (Facultad de Ciencias Médicas, Hospital 

Escuela, UNAH) 
4. Maria Mercedes Rueda, MSc (Escuela de Microbiología, Instituto de Investigación 

en Microbiología, UNAH) 
5. Ana Sanchez, PhD (Department of Health Sciences, Brock University) 
6. Nicholas Gadea, BSc (Faculty of Applied Health Sciences, MSc Program, Brock 

University) 
7. Gabriela Matamoros, MSc (Faculty of Applied Health Sciences, PhD Program, 

Brock University) 
______________________________________________________________________ 
 

WHAT IS THE PURPOSE OF THIS RESEARCH PROJECT? 
 

v To investigate circulating hormonal and cytokine concentrations in 
neurocysticercosis (NCC)-confirmed patients to determine if specific biomarkers 
or their combination present a specific pattern either by sex or by clinical 
presentation. 
 

o Determine if there is a difference in hormonal and cytokine profile between 
male and female NCC patients or between patients and healthy controls. 

 
o Determine if different clinical presentations in NCC-confirmed patients are 

associated with specific hormonal and cytokine profiles. 
______________________________________________________________________ 
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RESEARCH STUDY 
Investigation of hormonal and cytokine biomarker profiles in 

neurocysticercosis patients 

 

 
 
WHAT ARE WE GOING TO DO? 
 

v Investigators will ask participants to provide 5 mL of blood sample from a vein in 
the arm (median cubital vein) to be analyzed for NCC-related molecules at Brock 
University. 
 

v For participating patients, investigators will review their medical records. 
 

v Investigators will compare data between the variables outlined in the study 
objectives shown above (patient vs. comparison; male patient vs. female patient; 
biomarker profile vs. clinical presentation). 

 
______________________________________________________________________ 
 

WHO ARE WE INVITING TO PARTICIPATE IN THE STUDY? 
 

v A patient group which will consist of a convenience sample about 40 participants 
with a past or present diagnosis of neurocysticercosis (NCC) aged 18-45 (20 male 
and 20 female). 
 

v A comparison group of 20 healthy individuals (hospital employees or students) 
aged 18-45 (10 male and 10 female) who are not currently suffering from any 
chronic neurological, hormonal, or immunosuppressive condition, and are not 
currently taking any medication that may influence the results of the study. 

______________________________________________________________________ 
 

WHAT HAPPENS WHEN A PARTICIPANT AGREES TO PARTAKE IN THE STUDY? 
 
All participants interested in volunteering in the proposed study will be asked to spare an 
hour of their time. The investigators will ask participants to: 
 

v Attend an information meeting with one of the researchers and go over this 
invitation letter and have the opportunity to ask questions, or learn more about the 
study, its objectives, potential benefits, and risks. 

 

• Sign an informed consent detailing an emphasis on withdrawal and confidentiality 

protocols and procedures. The investigators will emphasize the lack of obligation 

to participate, and that the patients’ relationship and access to Dr. Lázaro Molina 

as their attending specialist will not change regardless of decision to participate. 
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RESEARCH STUDY 
Investigation of hormonal and cytokine biomarker profiles in 

neurocysticercosis patients 

 

 
 

v Respond to a short questionnaire to obtain personal information including the 
participants full name, local address, phone number, age & date of birth, and sex. 

 
v Undergo a 5 mL venous blood draw by a trained phlebotomist 

 
v For patients, one of the researchers will extract information relevant to the study 

from their medical record. Information collected from medical records will be 
exclusive to data relevant to diagnostic and clinical signs and symptoms pertaining 
to NCC for the purpose of determining severity of disease to answer the proposed 
research questions of the study. 
 

______________________________________________________________________ 
 

HOW LONG WILL IT TAKE TO PARTICIPATE? 
 
Approximate maximum duration is 1 hour, broken down as follows: 
 

v Information session – 15 minutes 
v Informed consent – 15 minutes 
v Questionnaire – 15 minutes 
v Venipuncture – 10 minutes (with 5 minutes recovery) 

______________________________________________________________________ 
 

POTENTIAL BENEFITS AND RISKS 
 

BENEFIT TO SCIENTIFIC COMMUNITY 
 
1. Expansion of knowledge and understanding of how hormonal and cytokine 

biomarker profiles are affected with neurocysticercosis. 

2. Potential to improve serological diagnostic efficacy and reliability of 

neurocysticercosis if specific biomarker profiles are indicative of disease.   

 
BENEFIT TO PARTICIPANT 

 
1. Patient participants will be provided with a clinical consultation and will have an 

updated medical history file. 
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neurocysticercosis patients 

 

2. For healthy individuals: there are no direct benefits, but the results from this study 

will contribute to the scientific community. 

 
RISK TO PARTICIPANT 

 
1. Risk of venipuncture may cause some temporary discomfort and bleeding.  

______________________________________________________________________ 
 

NOTES 
 

v All data and consent forms will be secured and safely kept for a maximum of 5 

years (approximately until Sept. 2024) post study completion. 

v All physical data from participants (i.e. consent forms and questionnaires) will be 

taken to Brock University, St. Catharines, Ontario, Canada in a locked carry-on bag 

by the principle faculty investigator (Dr. Ana Sanchez). 

v All electronic data from participants (i.e. medical history information, data 

aggregation, and participant identifiers) will have their files encrypted and password 

secured on a password protected computer. 

v All blood samples will be exclusively analyzed for the purposes outlined in the study 

objectives. Data obtained from blood samples will never be sold or used for 

secondary purposes outside of the proposed study (or presentation of results of the 

proposed study). 

______________________________________________________________________ 
 
If you have any questions, please feel free to ask your recruiter, or contact the 
investigators directly (see below for contact information). 
 
Thank you! 
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RESEARCH STUDY 
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Lázaro Molina, MD 
Principal Medical Investigator 

 
Hospital Escuela  

Boulevard Suyapa, Avenida 1o de enero 
Tegucigalpa, Honduras 

☎Phone +504 2232-2322 

✉ neurologia1999@gmail.com 

 
 
 
 

Nicholas Gadea, BSc 
Principle Student Investigator 

 
Brock University 

1812 Sir Isaac Brock Way 
St. Catharines, Canada 

☎Phone: (289) 257-0911 

✉ngadea@brocku.ca 

 
 

Ana Sanchez, PhD 
Principal Faculty Investigator 

 
Brock University 

1812 Sir Isaac Brock Way 
St. Catharines, Canada 

☎Phone: (905) 688-4388 

✉asanchez@brocku.ca 

 
______________________________________________________________________ 
 

This study has been reviewed and received ethics clearance 

• Brock University’s Research Ethics Board. File number: 18-046 

• Research Ethics Committee of the Master’s Program, School of Microbiology, 

National Autonomous University of Honduras, File number: _____________ 

 

If you have any pertinent questions about your rights as a research participant, please 

contact the Brock University Research Ethics Officer (905 688-5550 x3035, 

reb@brocku.ca) 
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RESEARCH STUDY 
Investigation of hormonal and cytokine biomarker profiles in   

neurocysticercosis patients 

Telephone Recruitment Script for Patients 

BEST PRACTICES: 

What should I be aware of when presenting study information over the phone?  

• People can easily multi-task and pay less attention while speaking to you on the phone. 

• There are no body language cues to give you an indication of how the conversation is 

going. 

• The family may feel uncomfortable and/or obligated to remain on the phone because of 

the identity of the caller (the patients’ neurologist). 

What can help? 

• Ask the potential patient if this is a good time to discuss the research study and to invite 

them in to the hospital for an information session. IF it is not a good time to talk, ask 

when a better time to reach them would be, then follow up. 

• Let the patient know how long you expect the conversation on the phone to be 

(approximately 5 minutes), and then how long participation of the study will take 

(approximately 60 minutes). OVERESTIMATE! 

• Make sure to clarify that participation is voluntary, and that withdrawal is acceptable at 

any point during the study. 

• Let the patient know that their relationship and access to Dr. Lázaro Molina as their 

attending specialist will not change regardless of their decision to participate. 

• Encourage the family to interrupt with questions.  

• Talk slowly, be concise, and use understandable terminology. 

• Assess understanding/your communication this is always critical but becomes even 

more essential when there are no physical cues to pick up on. 

How can the script be used? 

• The script is meant to guide a thoughtful and consistent conversation that a study team 
plans to have with a potential participant.  

• This script is designed to be used for study introduction and recruitment. 

• The script may contain more information than what is necessary, or it may not contain 
enough information depending on the particular circumstance of a patient. Therefore, 
caution and logic should be exercised. 
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RESEARCH STUDY 
Investigation of hormonal and cytokine biomarker profiles in   

neurocysticercosis patients 

Step 1:  Calling the family/potential participant 

Hello, I am [investigators first and last name – presumably Dr. Francis Bejarano, from Hospital 
Escuela Universitario. May I please speak to ________? 
 

 
When desired person IS 

AVAILABLE 
 

(STEP 1a) 
 

 
Hello (Mr./Ms.) ________, I am [Investigators name – 
presumably Dr. Francis Bejarano] calling you from the Hospital 
Escuela Universitario. I have retrieved your contact information 
from your medical records. It’s important to note that this call is 
not related to any health issue or concern directly related to 
you, and it is not to provide you with any kind of new medical 
information pertaining to your health. 
 
I am calling to invite you to join an investigational study looking 
at hormone and inflammatory patterns in patients already 
previously (or currently) diagnosed with neurocysticercosis.  
 
Joining this study is completely voluntary.  If it's alright with you 

I'd like to invite you to an information session with me to explain 

the idea of the study and to see if you would be interested in 

taking part. 

Lastly, if you needed it, we could reimburse you for your travel 

costs. This will be provided to all participants at the information 

session. 

Would you be interested in booking a meeting? 

IF YES, GO TO STEP (2a) 

IF UNSURE, GO TO STEP (2b) 

IF NO, GO TO STEP (2c) 
 

 
If desired person is NOT 

AVAILABLE 
 

(STEP 1b) 

 
Is there a better day and time to reach (Mr./Ms) _________? 
Note days and times and enter: _____________. 
 
Thank you. I will try to call back then. 
 
End call 
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neurocysticercosis patients 

 

Step 2.  Finalize participant recruitment decision  
 

STEP 2a 
(Patient INTERESTED) 

 

Perfect, lets schedule a detailed in-person information session 
at Hospital Escuela Universitario. What day and time works 
best for you? 
 
[Alternatively, we have ________________ dates available] 
 
Thank you for taking the time to speak with me today. I will see 
you at the information session. 
 
Note days and times and enter: _____________. 
 

End call 
 

 
 

STEP 2b 
(Patient UNSURE) 

 

 

Can I answer any questions that would help you make your 
decision? Is there a time I can call back to follow-up with you? 
 
Arrange a time and thank them for their consideration. 
 
End call. 
 

 
STEP 2c 

(Patient UNINTERESTED) 
 

 
Thank you for taking the time to speak with me today.  
 
(Ensure that the patient knows that his or her right to medical 
care as before has not changed).  
 
End call. 
 

 

*Note: Updating patient contact information may be required at the end of the phone call. 

This is up to the discretion of the recruiter.  
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Appendix E – Comparison Recruitment Poster 
  

Research Study
Are you …
v Between 18 to 45 years of age
v Not suffering chronic illness
v Not taking hormone/immune altering medication
v Interested in contributing to science

INTERESTED?!
Book an information session 

with Dr. Maria Mercedes 
Rueda via email 

at________________, 
or in her office located 
__________________.

RESEARCH STUDY

Investigation of hormonal and cytokine biomarker 

profiles in   neurocysticercosis patients

This poster has been approved by the Brock University Research Ethics Board (file #18-046)

Neurocysticercosis
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neurocysticercosis patients 

PARTICIPANT’S CODE: ___________ 

 
DECLARATION OF INFORMED CONSENT FOR NEUROCYSTICERCOSIS PATIENTS 

I understand the contents of this consent form, and I agree to participate voluntarily in this research study. I 
have had the opportunity to ask questions and am fully satisfied with the clarity, objectiveness, and 
completeness of the responses. I have been given sufficient time to consider the information listed below and to 
seek advice if I should choose to do so. By signing this consent form, I understand that I have not given up any of 
my legal rights. I understand that I am not obliged to participate in this study and that I can withdraw from it at 
any moment that I consider appropriate (even past blood sample collection). I understand that in the case of 
study withdrawal, any and all individual data collected from me will be made available to my physician, and to 
his discretion and my consent, added to my health record to keep my medical history up-to-date. 
 
All data stored in physical and electronic forms such as questionnaires, consent forms, and medical history, will 
be safely kept in secured storage for 5 years (est. Sept 1, 2024) after the projected completion date. The end of 
the study is considered the point by which the data is submitted for publication (est. September 1st, 2019). The 
only data that will be kept indefinitely will be the aggregate results containing information of specific biomarker 
profiles (hormonal/cytokine) of each group (severe NCC, non-severe NCC, and healthy). Any and all data (paper 
or electronic) with identifiers will be disposed of appropriately in the previously mentioned timeframe. 
 
WITHDRAWAL FROM STUDY 
If withdrawal occurs after the blood sample was drawn, I agree to allow the investigators to use my data 
(information obtained via questionnaires, consents, and/or medical history) and blood sample for the sole 
purpose of following the objectives of the study.     

 Yes  No 
             
UNDERSTANDING POTENTIAL BENEFITS AND RISKS 
 

Benefits: 
I. Participants will be contributing to a study designed to progress the understanding of certain biomarker 

profiles in patients with neurocysticercosis for the sole purpose of improving diagnostic potential. 
 

Risks: 
I. Physical risk: Risk of venipuncture includes the actual bodily puncture (open wound) that may cause 

bleeding, bruising, soreness, and/or discomfort. Additionally, an extremely small risk of open wound 
exposure to certain pathogens (airborne, water, or via contaminated surfaces in the environment, e.g. 
fomites) may be present. Risk of venipuncture will be minimized for all participants by ensuring that a 
trained phlebotomist is administrating the sample collection using the detailed standard operating 
procedure (SOP). This SOP details the safest and most effective forms of blood drawing, as well as 
instructions regarding second attempt venipunctures. Furthermore, the phlebotomist will take 
appropriate precautions such as proper: (I) handwashing/disinfection of hands and participant 
puncture site; (II) use of all appropriate personal protective equipment; (III) use of blood drawing 
technique procedures as detailed in the provided venipuncture SOP; and (IV) proper use of biohazard 
disposal procedures. 
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PARTICIPANT’S CODE: ___________ 

 
 
I understand the potential benefits and risks listed above and have had sufficient time to consider, ask questions, 
and/or seek advice. 

 Yes  No 
 
DATA 
I agree and give permission to the investigators to collect and keep all data collected for a maximum period of 5 
years (est. Sept 1, 2024), at which time all data pertaining to the study and its participants will be destroyed. 
 

 Yes  No 
 

I agree and give permission to the investigators to view and collect all relevant and necessary information from 
my medical history record to categorize severity of neurocysticercosis for the purpose of answering the research 
questions of the proposed study. 

 Yes  No 
 
Questionnaire: 
I agree to respond to a short questionnaire to the best of my ability. I understand that I am under no 
obligation to answer all the questions I may be asked, and that all my personal information will be kept 
strictly confidential and secured in locked storage. 

 Yes  No 
 
I agree to consider every question being asked carefully, and when unsure, I will refrain from answering. 
I understand that I am under no obligation to answer any question that I do not know or feel comfortable 
answering. 

 Yes  No 
 
I agree to discuss any question I am unsure about with the neurologist. Additionally, I agree to ask the 
attending physician for clarification of any portion of the study for which I am unclear or requires further 
explanation. 

 Yes  No 
 
Blood sample: 
I agree to provide a 5 mL blood sample for lab analysis by the research members of the proposed study. 

 Yes  No 
 
I am aware of and provide permission for my blood sample to be shipped to Brock University, (1812 Sir 
Isaac Brock Way, St. Catharines, Ontario, Canada) for analysis by the investigators. 

 Yes  No 
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PARTICIPANT’S CODE: ___________ 

 
 
UNDERSTANDING OF CONFIDENTIALITY 
I understand that the information I provide for the study is considered confidential; so, my name or any of my 
personal information will not be included in any report stemming from this research. 
 
I am aware that I can change my mind about this agreement and tell any of the investigators of the study (at any 
point in time) that I want to withdraw the study and that I will not receive any penalty or experience any loss of 
benefit to which I might be entitled by my participation in the study.       

 
_________________________________________________________  
Research participant COMPLETE name 
 
___________________________ ___________________________ ___________________ 
Researcher’s name   Researcher’s signature   Date 
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PARTICIPANT’S CODE: ___________ 

 

DECLARATION OF INFORMED CONSENT FOR NEUROCYSTICERCOSIS COMPARISON PARTICIPANTS 

I understand the contents of this consent form, and I agree to participate voluntarily in this research study. I 
have had the opportunity to ask questions and am fully satisfied with the clarity, objectiveness, and 
completeness of the responses. I have been given sufficient time to consider the information listed below and to 
seek advice if I should choose to do so. By signing this consent form, I understand that I have not given up any of 
my legal rights. I understand that I am not obliged to participate in this study and that I can withdraw from it at 
any moment that I consider appropriate (even past blood sample collection). 
 
All data stored in physical and electronic forms such as questionnaires, consent forms, and medical history, will 
be safely kept in secured storage for 5 years (est. Sept 1, 2024) after the projected completion date. The end of 
the study is considered the point by which the data is submitted for publication (est. September 1st, 2019). The 
only data that will be kept indefinitely will be the aggregate results containing information of specific biomarker 
profiles (hormonal/cytokine) of each group (severe NCC, non-severe NCC, and healthy). Any and all data (paper 
or electronic) with identifiers will be disposed of appropriately in the previously mentioned timeframe. 
 
WITHDRAWAL FROM STUDY 
If withdrawal occurs after the blood sample was drawn, I agree to allow the investigators to use my data 
(information obtained via questionnaires, consents, and/or medical history) and blood sample for the sole 
purpose of following the objectives of the study.     

 Yes  No 
             
UNDERSTANDING POTENTIAL BENEFITS AND RISKS 
 

Benefits: 
I. Participants will be contributing to a study designed to progress the understanding of certain 

biomarker profiles in patients with neurocysticercosis for the sole purpose of improving diagnostic 
potential. 

 
Risks: 

I. Physical risk: Risk of venipuncture includes the actual bodily puncture (open wound) that may cause 
bleeding, bruising, soreness, and/or discomfort. Additionally, an extremely small risk of open wound 
exposure to certain pathogens (airborne, water, or via contaminated surfaces in the environment, 
e.g. fomites) may be present. Risk of venipuncture will be minimized for all participants by ensuring 
that a trained phlebotomist is administrating the sample collection using the detailed standard 
operating procedure (SOP). This SOP details the safest and most effective forms of blood drawing, 
as well as instructions regarding second attempt venipunctures. Furthermore, the phlebotomist will 
take appropriate precautions such as proper: (I) handwashing/disinfection of hands and participant 
puncture site; (II) use of all appropriate personal protective equipment; (III) use of blood drawing 
technique procedures as detailed in the provided venipuncture SOP; and (IV) proper use of biohazard 
disposal procedures. 
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PARTICIPANT’S CODE: ___________ 

 
 
I understand the potential benefits and risks listed above and have had sufficient time to consider, ask questions, 
and/or seek advice. 

 Yes  No 
 
DATA 
I agree and give permission to the investigators to collect and keep all data collected for a maximum period of 5 
years (est. Sept 1, 2024), at which time all data pertaining to the study and its participants will be destroyed. 
 

 Yes  No 
 
Questionnaire: 
I agree to respond to a short questionnaire to the best of my ability. I understand that I am under no 
obligation to answer all the questions I may be asked, and that all my personal information will be kept 
strictly confidential and secured in locked storage. 

 Yes  No 
 
Blood sample: 
I agree to provide a 5 mL blood sample for lab analysis by the research members of the proposed study. 

 Yes  No 
 
I am aware of and provide permission for my blood sample to be shipped to Brock University, (1812 Sir 
Isaac Brock Way, St. Catharines, Ontario, Canada) for analysis by the investigators. 

 Yes  No 
 

UNDERSTANDING OF CONFIDENTIALITY 
I understand that the information I provide for the study is considered confidential; so, my name or any of my 
personal information will not be included in any report stemming from this research. 
 
I am aware that I can change my mind about this agreement and tell any of the investigators of the study (at any 
point in time) that I want to withdraw the study and that I will not receive any penalty or experience any loss of 
benefit to which I might be entitled by my participation in the study.       
 

 
_________________________________________________________  
Research participant COMPLETE name 
 
 
___________________________ ___________________________ ___________________ 
Researcher’s name   Researcher’s signature   Date 
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PARTICIPANT’S CODE: ___________ 

 

Questionnaire for Patients of Neurocysticercosis (NCC) 

Today’s date (mm/dd/20yy): ______________ 
 
Researcher: ___________________________ 

 
Personal information 
 

1) Name (First, Middle initial, Last): __________________________________________ 
 
 

2) Local address (street number, street name, city): _____________________________ 
 
 

 
 

3) Preferred phone number: ________________________________________________ 
 

 
4) Alternate phone number: ________________________________________________ 

 
 

5) Birthdate (mm/dd/19yy): _________________________________________________ 
 
 

6) Sex: (Male)   (Female) 
 

a. If female: are your pregnant? (if yes, exclude) 
 

b. Are you taking birth control pill? 
 

Background information 
 

7) Has any member of your household been diagnosed with CC/NCC 
a. If yes: get details about timing, treatments, etc. (relevant to a common 

exposure) 
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8) Have you been out of Honduras within the last 5 years for a total time of three months 
(90 days) or longer? Circle the most appropriate answer      

(Yes) (No) (Unsure) 
 

9) Do you live in an urban or rural environment? Circle the most appropriate answer. 
(Urban) (Rural) (Unsure) 

If rural: are you aware of porcine cysticercosis in your town/village? 
(Yes) (No) (I don’t know) 

 
10)  Are you (or your immediate family) in direct contact/exposure with the agriculture 

and/or the livestock industry? Circle all that may apply.  
(Yes, self) (No; self) (Unsure; self) (Yes; family) (No; family) (Unsure; family) 

 
 

11)  Have you (or your immediate family) ever been diagnosed with taeniasis? Circle all 
that may apply. 

 
(Yes, self) (No; self) (Unsure; self) (Yes; family) (No; family) (Unsure; family) 

 
12)  Are you aware of ever having eaten suspicious pork meat containing cysticerci? 

(Yes, self) (No; self) (Unsure) 
 

13) Have you ever owned, managed, or been in direct contact with pigs with cysticercosis?  
(Yes) (No) (Unsure) 

 

Medical history 
 

14) Upon diagnosis of your NCC, what symptoms (or signs) did you present with: 
o Epilepsy with seizures 
o Epilepsy without seizures 
o Chronic headache(s) or migraines 
o Intracranial hypertension 
o Stroke-like symptoms 
o Hydrocephalus 
o Meningitis 
o Hemiparesis/plegia (related to stroke or Todd paralysis) 
o Diplopia 
o Dysarthria 
o Neuropsychiatric disturbances (e.g. poor neuropsychological tests, severe dementia, 
or other cognitive deterioration) 
o Spinal dysfunction (e.g. radicular pain, weakness, paresthesia, sensory deficits with a 
level, or sphincter disturbances) 
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o Ocular dysfunction (e.g. ocular pain, decreased visual acuity, visual field defects, or 
monocular blindness) 
o Extraocular movement palsy or paresis 
o Hemisensory deterioration/loss (tactile, pain, or temperature) 
o Movement, gait, or balance disorders 
o Hyper/hyporeflexia 
o Other _______________ 

 
 

15)  Which of those listed above do you currently have? 
List all that apply 
 
 

Medication(s) 
 

16)  Upon diagnosis of your NCC, what medications were you prescribed? Check all that 
may apply. 
 

• Anticysticercal 
o Niclosamide 
o Praziquantel (PZQ) 
o Albendazole 
o Other: ____________________________________ 

• Antiepileptic 
o Phenytoin (Dilantin, Phenytek) 
o Carbamazepine (Tegretol, Carbatrol, Epitol, Equetro) 
o Phenobarbital 
o Other: ____________________________________ 

• Glucocorticoid 
o Dexamethasone (Baycadron, Maxidex, Ozurdex) 
o Other: ____________________________________ 

• Diuretic 
o Mannitol (Osmitrol) 
o Other: ____________________________________ 

 
17)  Of those listed above, which one (s) are you currently taking? 
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PARTICIPANT’S CODE: ___________ 

 

Questionnaire for Comparison Participants  

1) Today’s date (mm/dd/20yy): _____________________________________________ 
 

2) Researcher: ___________________________________________ 

 
Personal information 
 

3) Name (First, Middle initial, Last): __________________________________________ 
 

4) Birthdate (mm/dd/19yy): _________________________________________________ 
 

5) Sex (Male) (Female) 
 

a. If female: are your pregnant? (if yes, exclude) 
 

6) Local address (street number, street name, city): _____________________________ 
 

7) Preferred phone number: _______________________ Alternate _______________ 
 

8) Have you ever been diagnosed with taeniasis? 
(No)    (Yes: If yes: exclude) 

9) Have you even been diagnosed with cysticercosis (any type: ocular, subcutaneous, 
NCC, or muscular)? 

(No)    (Yes: If yes: exclude) 

10)  Are you suffering from any chronic neurological, hormonal, or immunosuppressive 

conditions? 

(No)    (Yes: If yes: exclude) 

11)  Are you currently taking any prescribed medication? 
(No)    (Yes: If yes: List: ________________) 

 
12)  Are you currently taking any of the following medication(s). Check all that may apply. 

 
o Birth control pill 
o Arthritis medications 
o Anti-inflammatories 

List ____________________________________ 
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PARTICIPANT’S CODE: ___________ 

 

CONFIRMATION OF EXCLUSION CRITERIA 
 

o Aged 18-45 year of age 

o Not pregnant 

o Never been diagnosed with NCC 

o Never were diagnosed with taeniasis 

o Are not currently suffering from any chronic neurological, hormonal, or 

immunosuppressive condition 

o Are not taking any medication that may influence hormone and/or cytokine profiles. 
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PARTICIPANT’S CODE: ___________ 

 

Medical Record Data Collection Document for Patients 

*Note: Answers to the following questions will be collected (where possible) from the medical 
history records of the patients at the Hospital Escuela Universitario.  

 
Today’s date (mm/dd/20yy): ______________ 
 
Researcher: ___________________________ 
 
 

Personal information 
 

1) Name (First, Middle initial, Last): __________________________________________ 
 

2) Birthdate (mm/dd/19yy): _________________________________________________ 
 

3) Sex:   (Male) (Female) 
 

Neurocysticercosis 
 

4) Date of neurocysticercosis diagnosis:  ______________________________________ 
 

5) Concurrent tapeworm infection at time of diagnosis (If yes, which)?  _______________ 
 

6) Are there MRI or CT image scans of the patient’s lesions?  
(MRI) (CT) (Both) (Neither) 

 
7) Number of lesions found through MRI/CT scans?  

 
(1 lesion) (2-5 lesions) (6-9 lesions) (≥10 lesions) (Unknown) 

 
8) Viability of cysts upon diagnosis? 

(Viable) (Non-viable) (Unknown) 
 

9)  Stage of most progressed lesion at time of diagnosis? 
 

(Vesicular) (Colloidal) (Nodular-granular) (Calcified) (Unknown) 
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Patient Hx 
 

10)  Presenting symptoms / signs at diagnosis and at present (Check all that may apply). 
 

o Acquired epilepsy 
(Focal, generalized, other) 
Type: _____________________ 
Present condition (yes/no/unsure): _____________________ 
 

o Seizures secondary to NCC  
(Absence, tonic-clonic, atonic, clonic, tonic, myoclonic, other) 
Type: _____________________ 
Present condition (yes/no/unsure): _____________________ 
 

o Chronic headache(s) or migraines  
(With or without aura) 
Severity (duration/frequency: _____________________ 
Present condition (yes/no/unsure): _____________________ 
 

o Intracranial hypertension 
Date of diagnosis: _____________________ 
Pressure reading (mmHg): _____________________ 
Present condition (yes/no/unsure): _____________________ 
 

o Stroke(s) 
(Lacunar or cerebral infarcts) 
Type: _____________________ 
Severity: _____________________ 
Sided (left/right): _____________________ 
Accompanying paralysis (yes/no and location): _____________________ 
 

o Hydrocephalus 
Date of diagnosis: _____________________ 
Pressure reading (mmHg): _____________________ 
Present condition (yes/no/unsure): _____________________ 

 

Conditions that Mimic NCC  
 

11) Within the last 5 years, has the patient suffered from any of the following conditions? 
Check all that may apply. 
 

o Brain abscess 
o Brainstem gliomas 

o Secondary amebic 
meningoencephalitis 
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o Chronic paroxysmal 
hemicrania 

o CNS toxoplasmosis 
o CNS cryptococcosis 
o Craniopharyngioma 
o Mycotic granulomas 
o Neurosarcoidosis 
o Oligodendroglioma 
o Pituitary tumors 
o Tuberculous meningitis 

o Tuberculosis of the CNS 
o Carotid disease/stroke 
o Anterior Circulation Stroke 
o Basilar Artery Thrombosis 
o Cardioembolic Stroke 
o Glioblastoma Multiforme 
o Intracranial Epidural Abscess 
o Low-grade Astrocytoma 
o Meningioma 

o Dysarthria 
 

Medication(s) 
 

Has the patient ever been prescribed or taken from any of the following medication(s). 
Check all that may apply. 
 

• Anticysticercal 
o Niclosamide 

Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
 

o Praziquantel (PZQ) 
Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
 

o Albendazole 
Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
 

o Other (name): _____________________ 
Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
 

• Antiepileptic 
o Phenytoin (Dilantin, Phenytek) 

Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
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o Carbamazepine (Tegretol, Carbatrol, Epitol, Equetro) 

Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
 

o Phenobarbital 
Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
 

o Other (name): _____________________ 
Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 

 

• Glucocorticoid 
o Dexamethasone (Baycadron, Maxidex, Ozurdex) 

Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 

 
o Other (name): _____________________ 

Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
 

• Diuretic 
o Mannitol (Osmitrol) 

Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
 

o Other (name): _____________________ 
Date prescribed: _____________________ 
Dosage/frequency prescribed: _____________________ 
Duration of prescription: _____________________ 
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Phlebotomy   ̶ Blood Sampling From the Arm by Venipuncture 
 

   
 

Short Title Arm Venipuncture 

Effective Date May 4, 2017 

Approved by REB May 4, 2017 

Version Number 1 

 

 

A. PURPOSE AND BACKGROUND 
 

1. Venipuncture is the transcutaneous puncture of a vein to withdraw a 
specimen of blood. Please note that this does not cover the use of 
indwelling catheters for blood samples.  Venipuncture is commonly used in 
physiology to measure systemic factors. The main aim of this protocol is to 
ensure the safety of the tested individuals as well as the testing personnel 
and anyone who might inadvertently come in contact with the associated 
equipment and materials.  Specifically, the aim is to ensure that blood from 
a tested individual is not transferred to the next participant.  The risks of 
blood-borne pathogen transmission are described in Appendix 7.1, below. 

2. According to the Brock REB Guidelines on Blood Draws, all phlebotomy or 
venipuncture in research studies at Brock will normally be done by a 
certified and current laboratory technician (e.g., Life Labs) or registered 
nurse.  As technicians typically have their own detailed procedures 
according to their training, this document is meant to outline the minimum 
standard.  

 
B. PROCEDURES/STUDY PROTOCOL  
 
Are there any controlled act(s) to be performed: X Yes  No 
If you checked yes, list the controlled act(s) below: 

Section (2) Performing a procedure on tissue below the dermis, below the 
surface of a mucous membrane, in or below the surface of the cornea, or, in or 
below the surfaces of the teeth, including the scaling of teeth. 

B1. Terms and definitions 

(1) Venipuncture - the transcutaneous puncture of a vein to withdraw a 
specimen of blood 

(2) Palpate - to feel or to examine by hand 
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(3) Antecubital fossa - hollow or depressed area at the bend (anterior side) of 
the elbow 

(4) Anticoagulant - substance that prevents or delays the clotting of the blood 

(5) Hematoma - swelling or mass of blood confined to an organ, tissue, or 
space and caused by a break in a blood vessel (also known as a 
bruise).  

B2. Veins used for drawing blood 

(1)  Median cubital vein - first choice, well supported, least apt to roll 

(2)  Cephalic vein - second choice 

(3)  Basilic vein - third choice, often the most prominent vein, but it tends 
to roll easily and makes venipuncture difficult 

(4) Dorsal vein (back of hand) – at the discretion of the phlebotomist and 
the consent of the participant. 

 

 

 
B3. Steps and Procedures to Perform a Venipuncture 
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1. Gather equipment. 

2. Explain procedure to the participant. It may be possible that the phlebotomist 
may ask if she/he chooses to use the anesthetic cream (e.g., EMLA). 

3. If the cream is to be used, check the screening questionnaire if there is any 
allergy to medication. If not, apply the cream.  Please note that the cream 
may interfere with some blood tests, and therefore should be applied 30 min 
prior to any blood draws. 

4. Thoroughly wash and dry your hands or, if this is not possible, disinfection 
with alcohol gel may serve as an alternative. Put on gloves. 

5. Have the participant seated in a comfortable position. Instruct patient to 
relax, stretch the forearm at about chest height, and make a fist.   

6. Select the appropriate vein and apply the tourniquet above it.  

7. Palpate along length of vein with index finger up and down 1 or 2 inches from 
selected site in both directions so size and direction of vein can be 
determined (vein should feel like a spongy tube).  (Please note that 
sometimes it is easier to palpate before putting the gloves on.  If this is the 
case, once the veins are located, put on the gloves and clean the area.) 

8. Wipe site with antiseptic. Allow for drying. Do not touch puncture site with 
gloved fingers after you have cleansed the area (Do not re-palpate the vein 
after cleansing the skin). 

9. Remove protective cover from needle. 

10. Position needle in line with vein, about ½ inch below the proposed site of 
entry, and grasp patient's arm below entry point with free hand. 

11. Place thumb of free hand 1 inch below entry site and pull skin taut toward 
hand 

12. Hold the needle in “bevel up” position to facilitate venipuncture and cause 
less trauma to the skin and vein. 

13. Insert the needle through the skin and tissue at a 15-30o angle.  Do not insert 
the needle where veins are diverting, because this increases the chance of a 
hematoma. 

14. Decrease angle until almost parallel to skin surface, then pierce vein wall 

15. A faint "give" will be felt when the vein is entered, and blood will normally 
appear in the needle. 

16. Move the needle slowly into the vein. 

17. Hold vacutainer unit and needle steady with dominant hand. Collection tube 
is positioned against, but not through, the needle. 
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18. Place index and middle fingers of other hand behind flange of vacutainer. 

19. Push the tube as far forward as possible with thumb of non-dominant hand 
without causing excessive movement. 

20. Instruct patient to relax and unclench fist after blood has started flowing. 

21. Release the tourniquet by pulling on long end of looped tubing with the non-
dominant hand. When the last tube is about two-thirds full of blood or blood 
stops, grasp tube firmly and remove tubes. 

22. Prepare to withdraw needle. 

23. Withdraw needle and place a cotton ball directly on puncture site and apply 
pressure. Place sharps in sharps container as soon as possible. DO NOT 
unscrew needle from sleeve with hands. DO NOT recap needle. 

24. Ask participants to put pressure over the wound with a piece of cotton.  
Check the wound to ensure bleeding has stopped. Then apply a bandage, or 
tape and gauze over the venipuncture site. 

25. Remove gloves and wash hands. 

26. In order maintain quality control, document (e.g., attached data collection 
chart): 

 

a. Participant ID#, experimental condition, date 

b. Name of phlebotomist 

c. Appearance of venipuncture site. 

d. Participant’s tolerance of procedure and particulars  

e. Number of attempts made (to a maximum of 2 attempts per 
participant per sample) and written consent/initials for a second 
attempt (see section B4 below). 

f. Any complications or difficulties encountered. 

 
B4. Second Attempts  
 

IF A SECOND ATTEMPT IS NECESSARY: 

• Obtain and document written consent (e.g.,  initials on data collection 
form) for a second attempt at blood sampling from the participant (as part 
of general quality control – see section B3.26e). 

• Pre-warm the region of the vein to reduce vasoconstriction and increase 
blood flow or select the other arm. 
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• A participant should never be stuck more than twice per sample. 

 

 
C. EQUIPMENT 

 
1. Single-specimen double-ended Vacutainer needle (contamination-

protected on both ends until actual use) or some researchers will us 
butterfly needles, particularly for pediatrics.  

2. Vacutainer sleeve/holder.  

3. Antiseptic swabs, cotton balls/gauze pads, or equivalent and (if needed) 
EMLA anaesthetic cream. 

4. Tourniquet.  

5. Protective, latex or nitrile equivalent gloves. 

6. Tape.  

7. Proper blood specimen tube for the test to be performed (e.g.,  red, gold, 
purple or green.  These indicate the type of anticoagulant used.  There are 
specific needs, depending on analysis).   

8. Dispensing containers for biohazardous wastes and sharps. 

9. Biohazard waste bag secured in a holder 

10. Sharps-disposal container. 

11. Disinfecting fluid (typically, 70% isopropyl alcohol, or equivalent).  
 

 
D. TRAINING REQUIRED FOR RESEARCHERS 

 

Safety training courses that are required for the researchers: 

• Science Safety 

• Biosafety  

NOTE: The safety training requirements apply to the investigators, student 
investigators, and/or any research assistant that will be handling or 
transporting blood samples.   For researchers that are transporting blood 
to Brock from an off-site location it may be necessary to have 
Transportation of Dangerous Goods Training.  Contact the Biosafety 
Office. 
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E. DESCRIPTION TO STUDY PARTICIPANTS  

 
1. Explicitly state the total number of samples per participant that will be 

taken over the course of the study, as well as the total volume of blood 
collected. 

2. State the 'second attempt' procedure and the requirement for written 
consent to perform a second attempt. 
 

F. RISKS  
 
1. PARTICIPANTS 

 
Participants can unexpectedly feel faint or actually lose consciousness 
with the sight of the needle or at the sight of blood. It is important that the 
researcher present during the experiment has completed first aid training 
to deal with such adverse events. 
A hematoma may form under the skin adjacent to the puncture site. 
There is always a risk of infection whenever the skin is punctured. 
The blood may be arterial (bright red) rather than venous.   
 

2. RESEARCHERS 
 
Risk of transmission of blood-borne pathogens. Blood-borne pathogens, 
such as HIV, Hepatitis B Virus (HBV), and Hepatitis C Virus (HCV), can be 
transmitted through contact with infected human blood (as well as other 
body fluids). Note: infected individuals might be asymptomatic carriers of 
the pathogen, who are not necessarily aware of the infection, nor show 
any signs or symptoms of disease. It is therefore necessary to avoid 
contact with blood, even when it comes from apparently healthy 
individuals. It is not possible to tell if an apparently health person is 
infected, and HIV, HBV, and HCV can be transmitted in many ways.  
Therefore, all blood must be treated as if it is infected, and this is known 
as universal precautions.  The following are relevant to blood sampling:  

• Accidental puncture from contaminated needles, broken glass, or 

other sharps.  

• Broken skin or mucous membrane contact with blood residues or 

blood-contaminated equipment (e.g., needles, Vacutainers, and 

gloves). 
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G. SAFEGUARDS/SAFETY PROCEDURES  
 

1. PARTICIPANTS 

It is important that the researcher ensures that the participant is 
comfortably seated before beginning to avoid any injury that may happen 
with a fall. The researcher must be vigilant for signs of discomfort in the 
participant to avoid a full faint (e.g., loss of facial colour, sweating 
excessively, disconnectedness, distress), but must also keep in mind that 
fainting can happen without warning.  It is prudent to have juice/water 
handle to give to participants in case they feel faint and would like 
something to drink. 

If a hematoma forms under the skin adjacent to the puncture site, release 
the tourniquet immediately and withdraw the needle. Apply firm pressure. 

Infection risk will be managed by using aseptic techniques and a 
recommendation for proper after-care from the technician. 
 
If the blood is bright red (arterial) rather than venous, remove the needle 
immediately and apply firm pressure for more than 5 minutes. 
Recommend to the participant that they may want to follow up with a 
doctor if there is any concern (e.g., pain, bleeding, swelling, etc.). 
In the event that the participant does not feel well, terminate the procedure 
immediately and make sure that the participant rests comfortably until they 
are ready to leave the lab. The researchers can assess whether or not the 
participant needs to be accompanied home or to a medical clinic and 
should touch base with the participant later to ensure that there were no 
residual effects from the event.  At that time, the researcher may ask the 
participant if they would like to be contacted again for follow-up in a few 
days, and ask them their preferred method of contact (e.g., email, phone).   
 
If the participant loses consciousness, follow first aid rules to ensure that 
the participant is properly cared for. The participant may require 
assistance to get home, and follow up communication is required to 
ensure that the participant recovered from the event. 
 
Remember to report any adverse events to the Research Ethics Office 
(reb@brocku.ca) (see Appendix 7.4).  
 
 

2. RESEARCHERS 
 
Any material or equipment contaminated, or suspected as being 
contaminated with blood, and which could not or would not normally be 
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disinfected, must be disposed of in an appropriate, University-authorized, 
bio-hazardous waste-disposal container, as follows: 

• Sharps Waste: Used needles, glassware (if any), and any object 

capable of penetrating the skin, must be disposed of in a Sharps 

Container. 

o All sharps waste containers shall be kept in a safe place to 

prevent inadvertent mishandling by unauthorized persons. 

o When containers are ¾ full, they must be closed and identified 

indicating place of generation, supervisor of the area, and phone 

extension number. 

• Solid, non-sharps waste: Any other materials, such as used 

vacutainers, cotton-balls, gauze pads, gloves, paper towels or rags, 

and plastic containers, must be disposed of in general bio-

hazardous waste-disposal (Orange autoclaving bag). An exception 

to this can be made when only a limited amount of non-sharps 

material must be disposed of (e.g., a pair of gloves and some 

cotton-balls). In such a case the materials could be disposed of in 

the Sharps container. 

o All bio-hazardous waste- shall be kept in a safe place to prevent 

inadvertent mishandling by unauthorized persons. If liquid waste 

is present in the bag and the waste is not autoclaved within the 

first four days of generation, it must be stored under refrigeration 

until autoclaving is performed. When ¾ full, or when further 

testing / waste generation is not foreseen for several weeks, 

waste bags will be autoclaved in Cairns 108.  

o The autoclave operator must have received training in 

autoclaving procedures, delivered by Health, Safety and 

Wellness every term. 

o Transportation of such waste across buildings must be in tightly 

closed plastic containers in a trolley or cart to avoid spillage of 

the content. The container must bear the biohazard symbol. 

o Please ensure that your laboratory has the appropriate biosafety 

permits in place and up-to-date.   
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WHAT TO DO IF BODILY CONTAMINATION DOES OCCUR 

 
When intact skin has been contaminated with blood, clean and disinfect 

the site and the immediately surrounding area with cotton-ball/gauze 

soaked with 70% isopropyl alcohol. 

Any adverse event that occurs during an experiment must be reported to 

the Research Ethics Office (within 24 hours) at reb@brocku.ca or directly 

to Brock Ethics Manager.   All incidents and accidents that result in a 

potential exposure to blood must be promptly reported (within 24 hours, at 

the latest), using the University Injury/Incident Report form available at: 

http://brocku.ca/hr-ehs/environment-health-safety. 

Incidents must be reported as soon as possible (within 24 hours, at the 

latest). Do not delay submitting the form due to technicalities; missing 

signatures can be obtained later. The form should be submitted to the 

supervisor (Principal Investigator, faculty/staff in charge), as well as to the 

University Biosafety Officer via email to besafe@brocku.ca, or in person to 

office 507 in the Cairns building. 

 

H. REFERENCES (if applicable) 
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Appendix L – Diagnostics Biochem Canada Inc. ELISA SOP  
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Appendix M – Millipore Sigma ELISA SOP  
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Appendix N – LDBIO Diagnostics Western Blot SOP  
 



 

160 

 

 



 

161 

 

 



 

162 

 

 



 

163 

 

 



 

164 

 

 



 

165 

 

 


